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1.0 INTRODUCTION
This Work Plandescribes anIntrinsicSediment Processes Study for the Naval Air Station (NAS)
Alamedato be conductedby the Universityof Californiaat Berkeley (UCB). A major focus of the
studieswill be to evaluatewhether intrinsicprocesses (those thatoccur in the natural, undisturbed
sediment systems) are transformingor immobilizingchemicals released by past operations into
sediments at two locations at NAS Alameda.These locations are referred to as Site 17, the
SeaplaneLagoon,andthe wetlandsportion of Site 2, the West Beach Landfill.

The management of sediments containing chemicals is one of the most con,plex and challenging
tasks facing the remediation community' in the United States and the U.S. Navy (Navy) at NAS
Alameda. UCB, the Lawrence Livermore National Laboratory (LLNL), and the Lawrence
Berkeley National Laboratory (LBNL) have combined their expertise and resources to form the
Berkeley Environmental Restoration Center (BERC) to demonstrate and apply innovative
approaches to the solution of difficult environmental problems, such as the management of
contaminated sediments.

BERC has assembled a team that includes recognized experts in ecotoxicology, sediment and
chemical transport mechanisms, chemical characterization and transformation, and subsurface
characterization to evaluate the processes occurring in sediments at NAS Alameda. Resumes of
BERC Investigators are included in Appendix A. This evaluation will provide the Navy, the
environmental regulatory agencies, and the Alameda community with information regarding
sediment conditions in the Seaplane Lagoon and the West Beach Landfill Wetlands that may
require active remediation and thechemicals within those sediments that are of concern. The study,
will also develop information used to specify the design basis for selected active remedial
alternatives, such as capping of sediments, dredging of sediments, or modification of wetlands
drainage.

1.1 DESCRIPTION OF INTRINSIC SEDIMENT PROCESSES

The study described in this Work Plan will evaluate the intrinsic processes that may be
incorporated into remedial approach(es) for chemicals of concern within the sediments found in the
Seaplane Lagoon and the West Beach Landfill Wetland.The results will be used by the Navy in a
future engineering evaluation and cost analysis or feasibility study to develop general clean-up
response actions for the Seaplane Lagoon and the West Beach Landfill Wetland. The results may
also be used as a design basis for other remedial alternatives, such as capping.

A number of chemicals used in past operations at NAS Alameda have been transported through the
storm drains into the sediments within the Seaplane Lagoon. Some of the chemicals disposed in the
West Beach Landfill, most notably several classes of nonvolatile organic chemicals, apparently
have migrated into the West Beach Landfill Wetlands through runoff and erosion from the landfill.
These chemicals may also have been present on the soils/sediments used as fill in the area that now
constitutes the wetlands site. These chemicals are either bound to the sediment by sorption
processes or present as an organic liquid if they were released as free product (oils, solvents, etc.).
Whether the chemicals are bound to sediments or are present as a free-phase liquid, the sediments
may serve as a continuing source of chemicals to the bay and lagoon and their ecosystems for
many decades.

The chemicals within the sediments may reach humansand animals via several pathways. Because
the chemicals are now associated with sediments in the lagoon and wetlands, direct human
exposure by dermal, inhalation or ingestion routes is not expected to be significant. Predominant
exposures are expected to be flora and fauna that contact the sediments. These exposures may be
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accelerated by sediment disturbance, including dredging, that may be necessary for sediment
remediation or for improving the recreational or ecological value of the sites.

While dredging may accelerate release of chemicals, other processes are effecting sediments.
Processes that occur in the natural, undisturbed sediment system are referred to as "intrinsic"
processes. Intrinsic processes are of particular interest because they may effectively reduce the
concentrations of chemicals in the environment or decrease their ability to exhibit toxic effects
without invasive remedial site activities. The Intrinsic Sediment Processes Study will also estimate
the rates at which these chemicals are likely to move from the sediments into surrounding waters
under disturbed conditions. The study will characterize the following conditions and intrinsic
processes:

( l ) toxicity and bioavailability of chemicals within the sediments under existing conditions

(2) geochemical transformations within the sediments

(3) biological transformations within the sediments

(4) chemical transport out of the sediments

(5) toxicity and bioavailability of chemicals that have been released from the sediments.

1.2 PARTNERSHIP AGREEMENT

On August 24, 1994, the Navy and UCB entered into a formal partnership that provides the
framework for exploring the application of innovative environmental restoration "technologies
developed by UCB, LLNL, and LBNL to Installation Restoration (IR) sites at NAS Alameda. As
part of the partnership agreement, UCB established the Berkeley Environmental Restoration Center
(BERC) as a coordination office to administer the contract for UCB. The partnership is governed
by Contract No. N62474-94-7430.

Delivery Order (DO) 4 of the contract authorizes limited sampling and specialized analysis of the
sediments of the Seaplane Lagoon and the West Beach Landfill Wetlands. Specific tasks that are
authorized include:

(1) preparation of a coordinated sampling and analysis plan

(2) implementation of the coordinated sampling and analysis plan

(3) preparation of a sampling and analysis report

(4) participation at project meetings.

Originally, DO 4 was to include only the Seaplane Lagoon. In late 1995, the Navy and UCB
agreed to include the West Beach Landfill Wetlands in the Scope of Work. After the additional site
was added, the scope of work was reduced to evaluate only intrinsic processes that occur in
sediments. Studies to assess enhanced remediation of sediments may be performed as part of
future delivery orders.

This work plan was written by UCB to fulfill the requirements of Task 1 and describes the
investigation that will be implemented to fulfill the requirements of Task 2. At the completion of the
Intrinsic Sediment Processes Study, UCB will prepare a report to fulfill the requirements of Task
3. UCB, LLNL, LBNL, and subcontractor personnel are available for meetings to fulfill the
requirements of Task 4.

During implementation of the Intrinsic Sediment Processes Study, LBNL will be responsible for
conducting:
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• Pore water toxicity testing

• Stable isotope ratio monitoring

• Organic chemical analyses

LLNL will be responsible for conducting the following assays:

• Toxicity identification evaluations

• 14C radio-isotope tracking

• Chemical characterization of metal spec_ation

• Geochemical analyses

UCB will be responsible for:

• Project oversight and coordination

• Acoustic imaging of sediments

• Assessment of transport and transformation rates

• Bioavailability assays

• Microbial transformation studies of selected chemicals of concern

1.3 INTRINSIC SEDIMENT PROCESSES STUDY DECISION PROCESS

An evaluation of the initial site characterization data for the Seaplane Lagoon and the West Beach
Landfill Wetlands (summarized in Section 2) indicated that intrinsic remedial processes are

_V' appropriate remedial alternatives to consider for some of the sediments at these sites. The
concentrations of chemicals, especially organic chemicals, in some of the sediments may be
sufficiently low that concentrations will decrease due to natural transformation processes.
Additionally, metals in sediments may be sorbed or present in a solid phase that precludes their
transport out of sediment.

As mentioned at the beginning of this section, the evaluation of sediment remediation options is a
complex process involving many disciplines. Decisions regarding the scope of the study centered
on two major issues:

• Allocation of effort between the Seaplane Lagoon and the West Beach Landfill Wetlands,

• Inclusion of petroleum hydrocarbons, particularly polycyclic aromatic hydrocarbons (PAHs)

and polychlorinated biphenyls (PCBs) in the studies.

Petroleum hydrocarbons have been included in the proposed study because they influence the rates
of transformation of chemicals and they influence the mobility of both metals and other organic
chemicals. Metals are a focus of some studies because they have been observed at potentially toxic
concentrations in several sediment samples, and their chemistry is an indicator of conditions
influencing transformation of organic chemicals. PAHs and PCBs in particular have been identified
as potential chemical classes of concern, and have been included in the studies for this project.

The general decision process for the implementation of this Intrinsic Sediment Processes Study is
diagrammed on Figure 1-1. This draft work plan will be reviewed by the Navy, the environmental
regulatory agencies, the Restoration Advisory Board (RAB), and the Base Realignment and
Closure (BRAC) Closure Team (BCT). After these reviews, the Navy will authorize preparation of
the final work plan. After considering reviews of the Final Work Plan, the Navy will authorize
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implementation of the Intrinsic Sediment Processes Study. Individual tasks in the Work Plan, such
as acoustic imaging, may be authorizedearlier based on technical memoranda submitted by BERC
and the need for such studies to begin earlier.

Technical reports for the individual discipline studies will be prepared soon after the data analyses
for the respective studies are completed. With the Navy's concurrence, these reports will be peer
reviewed, revised, and submitted to the Navy as interim reports. These reports will then be
included as appendices for a draft final report for the Intrinsic Sediment Processes Study, which
will be reviewed by the Navy, regulatory agencies, the RAB, and the BCT. The final report may
be utilized by the Navy and their feasibility study contractor in either an engineering evaluation and
cost analysis for an earlier clean-up response such as removal or an interim remedia' action, or a
feasibility study for a final remedial action.

1.4 SCOPE OF PROPOSED STUDIES

The studies to be conducted by BERC are primarily intended to provide data to be used in the
context of a feasibility study that will be prepared by the Navy's contractor, PRC. Some studies
will provide information on baseline conditions against which consequences of remedial options
can be compared, and PRC may also use these data in ecological assessments if the data are of the
appropriate quality (that is detection limits, analytes and methods are comparable to PRC data).
Remedial alternatives that may be considered in the feasibility study include leaving sediments in
place, or the partial removal of sediments. Active remediation options such as capping of sediments
in place or in-situ treatment of sediments have also been suggested, and the disturbance of
sediments during active remediation and the related short-term exposure pathways during
remediation are of concern.

The studies conducted by BERC are not intended to completely define any of the remedial
alternatives, but rather are planned as innovative approaches on a limited number of samples to
provide an additional level of understanding regarding the intrinsic processes and conditions, and
to address some aspects of selected remedial alternatives. This information will be used for the
evaluation and selection of the remedial actions under consideration by the Navy. BERC
investigators will contribute to those evaluations by the Navy and its contractors as requested. For
this contract, innovativemethods are those procedures and measurements that are not in routine use
nor available from commercial laboratories,and which can be implemented using the expertise and
sometimes uniquefacilities available at the University of California at Berkeley (UCB), Lawrence
Berkeley National Laboratory (LBNL), and Lawrence LivermoreNational Laboratory (LLNL)

In the planning of data collection and uses, it must be recognized that including intrinsic processes
as a part of a feasibility study/remedial action selectionfor sediments requires a somewhat different
approach compared to the use of active remediation measures.The most critical differences are that
the intrinsic (natural and/or undisturbed) processes are usually less buffered, more spatially
variable, and less certainly defined than when active (or externally-induced) measures are applied;
the time scale for the intrinsic process is also often longer than for active remediation. Therefore,
complementary and sometimes overlapping lines of evidence are important to conclusively
demonstrate that the intrinsic processes are occurring and to determine the rate-limiting processes.
Such demonstrations usually require monitoring of several site-specific parameters and conditions
that are used in the context of conceptual and mathematical models, and which together support
the conclusion that the natural (intrinsic) processes are occurring. While such activities might
otherwise be regarded as a characterizationeffort, they have direct relevance to the issues of
treatability of the sediments, or the consequences of imposing certain sediment management
techniques. The evaluation of intrinsic processes as part of a remedial plan are then distinct from
active remediation processes where external sources are used to enhance or overwhelm a natural
condition, and where responses to the changed condition can be unambiguously determined (for
example, a proportional chemical concentration decrease in response to applied enhancement.).
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1.5 RELATEDDOCUMENTS

BERC has developed program level documents that describe procedures to be followed on projects
implemented under the partnership agreement. These include:

• The BERC Quality Control Program Plan

• The Health and Safety Plan (Program), Volumes I and II:

• Standard Operating Procedures (SOPs)

• Standard Quality Procedures (SQPs).

Work at the Seaplane Lagoon, the West Beach Landfill Wetlands, and commercial and BERC
laboratories will be conducted in accordance with the general procedures described in these
program level documents and as more specifically described in this Work Plan. Applicable SOPs
and SQPs for :his projectare identified in Table 1-1 (ApplicableStandar_'.OperatingProcedures
and Standard Quality Procedures). The program level documents are updated periodically and the
most recent version of each document is maintained in the BERC office.

1.6 ORGANIZATION OF WORK PLAN

Section 1 of this Work Plan presents the background and objectives of the Intrinsic Sediment
Processes Study for the Seaplane Lagoon and the West Beach Landfill Wetlands, as well as the
contracting mechanisms that authorize the work and program level documents guiding the study. A
history of operations at NAS Alameda as well as the Seaplane Lagoon and West Beach Landfill
area is presented in Section 2 with a discussion of previous investigations, site hydrogeology, soil
and groundwater quality, and probable exposure pathways. Section 3 provides an overview of the
conceptual approach of the Intrinsic Sediment Processes Study and summarizes the information
that will be developed by UCB, LLNL, and LBNL. The Sampling Approach, detailing the field

,_ activities to be conducted, is presented in Section 4. The Methods and Analyses is contained in
Section 5. Integration of the data into a description of transport and fate under intrinsic conditions
is the subject of Section 6. The Quality Assurance Project Plan is included as Section 7. Reporting
is described in Section 8. Project Management is described in Section 9. Because of the breadth of
studies to be conducted, pertinent references are cited in Section 2 (History of Operations) and
Section 5 (Methods and Analyses) under the respective studies to facilitate locating the referenced
material.

Appendix A contains resumes of Intrinsic Sediment Processes Study personnel. Appendix B
contains the Sampling and Analysis Plan, including project specific procedures and SOPs that have
been developed for the study. These procedures and SOPs supplement the program level SOPs
(BERC, 1996b). The Site Specific Health and Safety Plan for field work related to the study is
included as Appendix C.
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Table 1-1
Applicable Standard Operating Procedures and Standard Quality
Procedures

Title Number

STANDARD OPERATING PROCEDURES

Chain of Custody 1.1

Sample Handling, Packaging and Shipping 2.1

Subsurface and Shallow Subsurface Soil Sampling 3.1

Drilling and Heavy Equipment Decontamination 6.2

Sample Labeling 17.1

Sample Numbering 17.2

Isotope Monitoring 24.4
Sediment Coring Procedures 25.1

Sediment Sampling for Pore Water Extraction 25.2
Pore Water Isolation 25.3

Acoustic Imaging of Sediments 25.4
Microelectrode Measurements in Sediment Core Pore Waters 26.1

Pore Water Constituent Measurements 26.2

Sediment Bulk and Mineralogical Analyses 26.3

Sediment Metal Speciation Analyses 26.4

Leaching from Disturbed Sediments 26.5

'_' Pore Water Toxicity Test 27.1
Sediment Water Interface Core Test (SWIC) 27.2

Toxicity Identification Evaluations 27.3

Acid Volatile Sulfides and Simultaneously Extracted Metals 27.4

BioavailabilityiBioaccumulation by the Bivalve 28.1

Digestive Fluid Extraction 28.2
Lead-210 Profile in Sediment 29.1

Measurement of Lagoon Sediment Properties 29.2

Fingerprinting PAHs, PCBs, Hydrocarbons and Hydrocarbon Tracers 30.1

Intrinsic Production of Methane in Anaerobic Lagoon Sediments 30.2
Intrinsic Transformation of PAHs and PCBs in Anaerobic Sediments 30.3
Constraints on Transformation of PAHs and PCBs in Sediments 30.4

Transformation of PAHs and PCBs in Vadose Zone Soil Plots 30.5
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Table 1-1 (Continued)
Applicable Standard Operating Procedures and Standard Quality
Procedures _
Title Number

STANDARD QUALITY PROCEDURES

Project Self Assessment 3.1

Indoctrination and Training 3.2

Document Control 4.1

Records Management 4.2

Preparation, Revision and Approval of Plans and Procedures 5.1
Preparation, Reviev', and Approval of Procurement Documents 6.1

Calibration and Maintenance of Measuring and Test Equipment 8.2
Control of Tests 9.1

Nonconformance Control 10.1
Corrective Action 10.2

Stop Work Order 10.3

Field Work Variance/Request for Information 11.1
Quality Audits 12.1
Quality Surveillances 12.3
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2.0 HISTORY OF OPERATION

2.1 INSTALLATIONDESCRIPTION

NAS Alameda (Figure 2-1) lies on the western end of Alameda Island, in Alameda and San
Francisco Counties. AlamedaIsland lies in the eastern San Francisco Bay, adjacentto the city of
Oakland.Rectangularin shape,NAS Alamedais approximately2 miles long and 1 mile wide, and
occupies 2,634 acres, of which 1,108 acres are submerged.

At least two large industrial sites, a borax processing plant and an oil refinery, were located on the
island near what is now NAS Alameda prior to 1930. The U.S. Army acquired the NAS site from
the city of Alameda in 1930and began construction in 1931.In 1936,the Navy acquired title to the
land from the Army and began buildingthe air station in response to the militara buildup in Europe
prior to World War II. The station is largely constructed on hydraulic fill material. After the 1941
entry of the U.S. into the war, more land was acquired adjacent to the air station. Following the
end of the war. NAS Alameda returned to its original primal' mission of providing facilities and
support for fleet aviation activities.

Currently, the eastern portion of the station is developed with offices, residences, and industrial

facilities. The western portion of the station is primarily developed with runways and support
facilities.

2.1.1 Basewide Geology

This section summarizes the geology and hydrogeology of NAS Alameda from the Remedial
bwestigation/Feasibilit3'Study FiredAquifer Test Work Plan prepared by PRC and Montgomery
Watson (MW). The summary is based on previous remedial investigations performed at NAS
Alameda since 1990.

Alameda Island is underlain by approximately 400 to 500 feet of unconsolidated sediments
overlying consolidated Franciscan bedrock. The uppermost unconsolidated units at NAS Alameda
are described below. The unconsolidated units, from youngest to oldest, are:
• artificial fill;

• Holocene Bay Mud;

• late Pleistocene/Holocene deposits (Posey Formation, late San Antonio Formation, and Merritt
Sand); and

• late Pleistocene estuarine deposits (San Antonio Formation).

Figure 2-2 presents an idealized stratigraphic column showing these units. The generalized
stratigraphic relationship of these units is illustrated on Figure 2-3.

ArtificialFill. Artificial fill is the shallowestunit identified at NAS Alameda. The thickness ranges
from 0 to 40 feet: the range of thickness is a result of natural variation in the depth of the estuary
prior to filling, which began in the late 1800s. This unit is thinnest or absent beneath the
easternmost portion of the air station which was a tidal flat in 1856 (Figure 2-4). Artificial fill
reaches the greatest thickness in the western part of NAS Alameda.

The artificial fill consists of hydraulically placed dredge spoils from the surrounding San Francisco
Bay, Seaplane Lagoon, and the Oakland Channel. The composition of the artificial fill varies, but
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generally consists of silty sand to sand with minor inclusions of clay and gravel. The artificial fill
composed of sand is similar in texture to the underlying late Pleistocene/Holoceneeolian deposits,
which in most cases served as a source for the artificial fill where it underlies the surrounding San
Francisco Bay.

Little information on the tinting of the artificial fill operations is available. Historical aerial
photographs indicate that fill was placed in east-west linear rows with the intervening swales filled
with water. This filling procedure may have produced a systematicvariation in grain size of the fill
material, with finer-grainedmaterial being deposited closer to the water-filled swales and coarser-
grained material being deposited closer to the point at which the hydraulic pipe discharged, This
potential variation in grain size, if present, could affect ,"hallowgroundwater flow in the first
water-bearing zone by creating preferential groundwater flow paths within the coarser-grained
material.

Holocene Bay Mud. Holocene Bay Mud is the youngest naturally occurring unit in the vicinity of
NAS Alameda; it was deposited in an estuarine environment and is still being deposited in San
Francisco Bay. Although commonly referredto as "Bay Mud," the unit locally contains substantial
amounts of sand. In some areas of the western portions of NAS Alameda, this unit is composed
predominantly of sand. Bivalves are present in some portions of the unit. In the eastern portion of
NAS Alameda, the uppermost portions of the Holocene Bay Mud contain abundant plant remains.
The historical shoreline around 1900is shown on Figure 2-5.

The Holocene Bay Mud ranges in thickness from approximately 35 feet at the western part of NAS
Alameda to 0 feet at the extreme eastern part of San Francisco Bay. The Holocene Bay Mud is
encountered at a depth of approximately 25 feet below ground surface (bgs) beneath the western
part of NAS Alameda and approximately5 feet bgs beneath the eastern part of NAS Alameda. The
depth to the top of the Holocene Bay Mud reflects the approximate water depth in the bay, prior to
artificial fill operations.

Late Pleistocene/Holocene Deposits. Alluvial and eolian deposits of late Pleistocene to Holocene
age uncontbrmably overlie the late Pleistocene estuarine deposits (described below). Eolian
deposits which include Merritt Sand, form a major water-bearing zone under the Seaplane Lagoon.
The alluvial deposits have partially filled preexisting valleys that were 150feet or more deep and up
to 1,000 feet wide. They also blanket adjacent flat lands. The thickness of the alluvial deposits is
reported to range from 10to 40 feet in the eastern portionof NAS Alameda and 7 to at least 72 feet
in the central portion of NAS Alameda. The unit consists of medium grained sand containing
varying amounts of silt and clay that may have been deposited in a deltaic environment.

The eolian deposits formed as sand dunes when sea level was much lower and the shoreline was
located outside the Golden Gate passage on what is the present continental shelf. The thickness of
the eolian deposits is 8.5 to 56 feet beneath the eastern portion of NAS Alameda, 19 to 60 feet
beneath the central portion, and 9.5 to 48 feetbeneath the western portion. The eolian deposits are
present at a depth of approximately 45 feet bgs at the western part of NAS Alameda and occur at
approximately ground level at the eastern part of NAS Alameda. In the vicinity of NAS Alameda
these deposits consist of fine-grained sand to silty sand. Bivalve shells and shell hash are observed
in parts of the unit. An east-west trending paleochannel has previously been identified that downcut
into and removed the alluvial and eolian deposits from the central part of NAS Alameda. Within the
paleochannel, the Holocene Bay Mud directly overlies late Pleistoceneestuarine deposits.

Late Pleistocene Estuarine Deposits. The estuarine deposits in the vicinity of NAS Alameda consist
of a dark greenish-gray silty clay, and are approximately 140 feet thick under the westernmost
portion of Alameda Island. The unit is considered an aquitard and is present at a depth of
approximately 90 feet under the westernmostportions of NAS Alameda.
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2.1.2 Basewide Hydrogeology
The sediments beneath NAS Alameda are subdivided into two aquifers. The shallow, or first,
aquifer consists of two water-bearing zones (Figure 2-3). The first water-bearing zone of the first
aquifer is in the artificial fill and continues partially into the Holocene Bay Mud where this unit
consists of more permeable sand. The second water-bearing zone of the first aquifer is in the late
Pleistocene/Holocene alluvial and eolian deposits including the Merritt Sands. A deeper, or second,
aquifer is in the underlying undivided Pliocene/Pleistocene terrestrial deposits (not described in this
Work Plan); this aquifer is not of interest in this study. It is separated from the first aquifer by late
Pleistocene estuarine deposits, which form an aquitard.

Previous investigations considered the first and second water bearing zones of the first aquifer to
be separated by the Holocene Bay Mud (PRC and MW, 1995). However, the Holocene Bay Mud
has been found to be discontinuous beneath several areas, especially the southeastern part of NAS
Alameda. Thus, in these localized areas, the fi "stand second waterbearing zones of the first aquifer
are considered to be in partial hydraulic connection (PRC, 1991). Because of this, the uppermost
waterbearing zone in the eastern portions of NAS Alameda includes the late Pleistocene/Holocene-
age alluvial and eolian deposits. The extent and depth of Bay Mud under the Seaplane Lagoon and
West Beach Landfill Wetland is not known.

Groundwater in the first water-bearing zone is unconfined and is first encountered at approximately
3 to 5 feet bgs throughout most of NAS Alameda. Groundwater in the second water-bearing zone
(including Merritt Sand) is semiconfined beneath much of NAS Alameda. In the eastern areas of
the base. where the Holocene Bay Mud is absent, the second water-bearing zone merges with the
first and groundwater occurs under unconfined conditions. Where the Holocene Bay Mud is
present, the water pressure or head in the second water-bearing zone generally rises to the same
level as in the first water-bearing zone.

2.2 SEAPLANELAGOON, SITE 17

2.2.1 Site Description and History
The Seaplane Lagoon (Site 17) is located at the southeastern comer of NAS Alameda (Figure 2-1 ).
The site consists of a body of water with a surface area of 1l0 acres: it is 12 to 17 feet in depth and
is almost entirely surrounded by seawalls (Figure 2-6). The entrance to the lagoon from San
Francisco Bay is through an approximately 800 foot opening in the southwestern end of
breakwater extending from Pier 1. The opening allows tidal circulation to occur. Outside the
lagoon are berths for deep draft ships (Piers 1, 2, and 3, Figure 2-6). The berths are protected by
an outer breakwater (PRC, 1994a). There is no information on the depths of the sediment and Bay
Mud within the lagoon itself, or on water transport between overlying water, sediment and lower
strata.

From 1943 to 1975, the lagoon served as a receiving basin for an estimated 300 million gallons of
wastewater from the combined storm and sanitary sewer system. This system received wastewater
from many industrial operations throughout NAS Alameda and discharged to seven outfalls within
the Seaplane Lagoon; the outfall locations are shown on Figure 2-6 by the letters A through G.
Since 1975, when industrial wastewater was first segregated, the lagoon has received only storm
sewer discharge and surface runoff (PRC, 1994a).

Wastewater discharged to the Seaplane Lagoon prior to 1975 was reported to contain metals,
solvents, paints, detergents, acids, caustics, mercury, oil and grease, and PCBs. Ships docked at
the piers south of the entrance to the Seaplane Lagoon discharged wastewater containing solvents,
chromium, waste oil, and fuel which could have been swept into the lagoon by tidal action. During
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the 1960s and 1970s, antifouling paint was used on the bottom of small boats; this is another
potential source of metals to the Seaplane Lagoon.

2.2.2 Potential Sources of Chemicals _

The potential sources of chemicals in and adjacentto the Seaplane Lagoon include other Navy
InstallationRestorationProgram (IRP) sites such as the Navy hazardouswaste clean-upprogram
sites at NAS Alamedawhich discharged to the SeaplaneLagoon through the combinedstorm and
sanitary sewer system prior to 1975, adjacentIRP sites, and present day vessel and seaplane
operationsin the areasadjacentto the lagoon (PRC, 1994a). These IRP sites (Figure 2-1) are not
expected currently to be dischargingto the Seaplane Lagoon,but aredescribed below to illustrate
the complex nature of the past releases of chemicals to the SeaplaneLagoon. Operationsat these
IRPsites are summarized in Table2-1 andarediscussedbelow.

IRP Site 6: Building 41. B'ulding 41 at Site 6 (Figure 2-1) is one of several hangars lo-ated along
the northern boundary of the Seaplane Lagoon. This building was formerly used as a hangar for
seaplanes, but is now occupied by the AircraftIntermediateMaintenanceDepartment (AIMD). A
storm drain located near the paint strippingand hazardous waste drum storage area discharges into
the Seaplane Lagoon and may have been a source of chemicals to the lagoon. Chemicals stored and
used in the building include a petroleum hydrocarbon solvent (PD680), dry cleaner solvents,
hydraulic oil. paint wastes, and used hydraulic fluids.

IRP Site 8: Building 114Pest Control Area. Building 114 at Site 8 (Figure 21) now serves as an
administrative center and as a location for Pubic Works Center (PWC) activities including
maintenance painting. The building formerly housed a woodworking shop, steam cleaning shop,
and a storage facility for pesticides and herbicides. Steam cleaning, paint stripping, and spray
painting generated approximately 264 gallons of wastewater per day, which were discharged
directly into storm drains. The storm drains emptied into the Seaplane Lagoon. Separator pits
functioned inadequately, and their contents were routinely dumped at the West Beach Landfill. ,_p

Prior to 1974. the facility stored pesticides and herbicides. Equipment used in weed and pest
control was likely rinsed at this site and the rinsate may have been discharged to the lagoon. The
pesticides and herbicides stored at the site included chlordane, lindane, DDT, malathion, diazinon,
Telvar, Chlorvar, 2,4-D, Roundup, Princep, and Krovar 1.

IRP Site 10:Building400 Missile ReworkFacility.Building 400 at Site 10 (Figure 2-1) is at the
northwest comer of the Seaplane Lagoon and houses a small paint shop and cleaning shop. Prior
to 1972, the building housed the missile rework operations. Wastes generated included sludge,
metal shavings, paint strippers, cleaning solvents, and oil and grease. These wastes were usually
deposited in the West Beach Landfill. Wastewater from Building 400 contained solvents, heavy
metals, and phenols. This wastewater was discharged, untreated, into the industrial wastewater
collection system. It is unknown whether any wastes were discharged to storm sewers that emptied
into the Seaplane Lagoon.

IRP Site 11: Building 14 EngineTest Cell. Building 14 Site 11(Figure 2-1) is east of the Seaplane
Lagoon. At present, two engine test shops and several laboratories are housed in this building. The
laboratories have had small mercury spills in the past. Waste generated during cleanup of these
spills was disposed of in the West Beach Landfill.

IRP Site 18: Station Sewer System. Part of the NAS Alameda storm sewer system discharges
directly into the Seaplane Lagoon at seven outfall locations, four of which are at least 0.75 meters
in diameter; the outfall locations are shown on Figure 2-6. Until 1975, the system received
untreated wastewater from plating bath dumps, paints and paint strippers, pesticides and
herbicides, oil and grease, cleaning solvents and, possibly, PCB-contaminated oils. After 1975, all
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wastewater was transferred to the industrial wastewater treatment plant. The sewer system is
reported to be constructed mainly of corrugated steel pipes which may be in poor condition; if the

_, sewer lines are cracked or leak, contaminants from untreated wastewater could enter the soil or
groundwater. The sewers open into the Seaplane Lagoon and at high tide seawater may flow up
into the pipes.

2.2.3 Previous Investigations
Investigations were conducted at the Seaplane Lagoon, Site 17, in 1983, 1985, 1987, 1988, 1991,
and 1993. The previous investigations were as follows:

• In 1983, Ecology and Environment conducted an initial assessment at I'_AS Alameda, which
included Site 17. The report documenting this assessment was referenced in subsequent reports
reviewed by UCB but is not currently available for review.

• In 1985, W_hler Associates collected eight sediment samples from the I:_ttom of the Seaplane
Lagoon and two sediment samples from the channel outside the lagoon. The samples were
analyzed for metals, PCBs, and pesticides. No PCBs or pesticides were detected. Metals were
detected in both the lagoon and the channel samples. The report concluded that metals
concentrations were not sufficiently high to pose an environmental threat. The report
documenting this sampling was referenced in subsequent reports reviewed by UCB but is not
currently available for review.

• Extensive sediment sampling was conducted by several groups in 1987, 1988, and 1991 to
characterize maintenance dredging materials in the outer breakwater area of Piers I, 2, and 3
adjacent to the Seaplane Lagoon (PRC, 1994). Among the chemicals detected were PCBs (as
Aroclor 1016), heptachlor, phthalate esters, sulfides, zinc, lead, anthracene, and organotin.
Bioassays were conducted using mussel (M. edulis) larvae as the test organism. Four of the
test samples showed greater than 50 percent abnormal development at the highest test
concentration ( 100 percent elutriatel. The report documenting this sampling was referenced in
several reports reviewed by UCB but is not currently available for review.

• In 1993, PRC conducted an environmental assessment that included the Seaplane Lagoon
(PRC, 1994a). As part of this assessment, surficial sediment samples were obtained from the 0
to 10 centimeter depth interval at seven locations (S1 through $7); water samples and sediment
cores a maximum of 120 cm deep were obtained from three locations ($3, $4, and $7); and
storm water samples were obtained from three locations in an industrialized portion of NAS
Alameda (SW-1, SW-2, and SW-3). The storm sewer lines sampled drain to the Seaplane
Lagoon. Sample locations are shown on Figure 2-6.

• Screening bioassays were conducted on each surficial sediment sample. Bioaccumulation
studies and analyses of benthic populations for species diversity were performed for those
samples ($2, $3, $5, and $7) that exhibited significant effects in the bioassay testing.

2.2.4 Summary of Analytical Data
The results of the ecological assessment conducted in 1993 (PRC, 1994a) were reviewed to assess
the water and sediment quality within the Seaplane Lagoon and identify the distribution of
chemicals within the sediments. The review included assessment of the data presented in the report:
an independent assessment of the raw data was not conducted. The results of this review have been
used in later sections to select appropriate sampling locations for this treatability study.

To simplify the discussion of the data and identify the general distribution of chemicals in the water
and sediment, data summary, tables provided in this section include the total concentrations of
PAHs, PCBs, organochlorine pesticides, and organotins detected in each sample based on the
analytical results presented in the report prepared for the ecological assessment (PRC, 1994).
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Specific metals are identified where appropriate. Samples were generally analyzed for semivolatile
organic compounds (SVOCs), with the primary SVOCs of concern being total PAHs.

V
2.2.4.1 Water Quality

Lagoon Water Samples. Water samples from sampling locations $3, $4, and $7 (Figure 2-6)
were analyzed for SVOCs, organochlorine pesticides, PCBs, total petroleum hydrocarbons (TPH),
total and dissolved metals, organotins, chemical oxygen demand, biological oxygen demand, total
suspended solids, dissolved organic carbon, total organic carbon, salinity, and dissolved oxygen.
Summary analytical results are presented in Table 2-2 and analytical results for the specific metals
detected are included in Table 2-3.

Dissolved metals were not identified in any of the water samples. The total metals detected are
chromium, lead, and zinc. The TPH concentration detected in these samples ranged from 1.6
milligram per liter (mg/1) in the sample from $3 to 1_3 mg/1 in the sample from $7. PAHs,
organotins, organochlorine pesticides, and PCBs were not detected in the water samples

The salinity of each water sample was approximately 26.3 parts per thousand (ppt) and the
dissolved oxygen ranged concentration ranged from 7.6 mg/1 in the sample from $7 to 9.8 mg/1 in
the sample from Station $4. The biological oxygen demand of each sample was approximately 2
mg/l. Total suspended solids were identified at approximately 4 mg/1 in each water sample. Total
organic carbon and dissolved organic carbon were not detected in the water samples.

Storm Water Samples. In 1993, storm water samples from sampling locations SWI, SW2 and
SW3 _,Figure 2-6) were analyzed for SVOCs, organochlorine pesticides, PCBs, TPH, total and
dissolved metals, organotins, chemical oxygen demand, biological oxygen demand, total
suspended solids, dissolved organic carbon, and total organic carbon. The pH and dissolved
oxygen content of the water were measured in the field. Summary analytical results are presented
in Table 2-2 and analytical results for the specific metals detected are included in Table 2-3.

Total metals detected in the samples were cadmium, copper, lead, and zinc. Dissolved metals
detected were cadmium, lead, and zinc. The total organotin concentration ranged from not detected
in sample SW1 to 103 micrograms per liter (ug/l) in sample SW2; the organotins detected include
dibutyltin, tributyltin, and tetrabutyltin. The TPH concentration detected in these samples ranged
from 0.6 mg/1 in sample SW3 to 1.4 mgA in sample SW1. PAHs, organochlorine pesticides, and
PCBs were not detected in the storm water samples.

The pH of the storm water samples ranged from 7.0 in sample SW3 to 7.7 in sample SW 1 and the
dissolved oxygen concentration ranged from 7.2 mg/l in sample SW1 to 9.9 mg/l in sample SW2.
The biological oxygen demand ranged from 4 mg/l in sample SW2 to 5 mg/1 in samples SW1 and
SW3. Total suspended solids concentrations ranged from 5 mg/l in sample SW1 to 13 mg/1 in
SW2 and SW3. Total organic carbon and dissolved organic carbon were detected at 3.6 mg/l in
sample SW3 but were not detected in the storm water samples from the other locations.

2.2.4.2 Sediment Quality

Surficial Sediments. Surficial sediment samples from S1 through $7 (Figure 2-6) were analyzed
for SVOCs, organochlorine pesticides, PCBs, TPH, metals, organotins, total organic carbon, and
percent solids. Summary analytical results for the surficial sediment samples are summarized in
Table 2-4 and analytical results for the specific metals detected are included in Table 2-5.

The sample from location $3, near outfalls G and H, contained the highest concentrations of
PAHs, organochlorine pesticides, PCBs, metals, TPH, and organotins identified in the surficial

sediment samples. The sample from $6, located near sewer outfalls I and J2 in the eastern portion ,_,
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of the lagoon, contained the second highest concentration of PAHs. The sample from $4, located
near sewer outfalls F and R, contained the second highest concentration of total PCBs. Aroclor-
1254 was the PCB isomer detected in surficial sediment samples from the Seaplane Lagoon. The

'_' pesticides detected consist of alpha-chlordane; lindane; 4,4'-DDD: 4,4'-DDE; and 4,4'DDT. The
organotins identified were dibutyltin and tributyltin.

The total organic carbon levels identified in the sediment samples ranged from 0.5 percent in S 1 to
3.2 percent in $3. The percent solids identified ranged from 32.3 percent in $5 to 65.3 percent in
S1.

Sediment Toxicity. Sediment toxicity was characterized for surficial sediment samples from
locations S1 through $7 (Figure 2-6). Sediments from $2, $3, $5, and $7 caused significant
mortality (20 percent or greater) in the amphipod Eohaustorius estuarius. The percent survivals in
sediment samples were as follows: S1, 95 percent; $2. 56 percent: $3, 77.5 percent, $4, 92
percent: $5,70 percent; $6, 85 percent: and 37, 75 percent. The overall survival was greatest for
test organisms exposed to sediments samples from S1 and $4. The overall lowest survival was
lowest for test organisms exposed to sediments from $2. All E. estuarius reburied in test sediments
from each station.

Exposure of juvenile worms, Naenthes arenaceodentata, to sediments from the Seaplane Lagoon
did not result in any significant reductions in survival or growth. Bioassays using the mussel
Mvtilus edulis were also conducted on sediment samples from each station. The bioassavs
consisted of exposing M. edulis larvae to elutriate prepared from the test sediment and measuring
the percentage survival of the larvae and the number of larvae that develop normally without
obvious malformations. Survival of larvae for each bioassay was greater than 89 percent and did
not differ statistically from survival measured in the control group. The proportion of larvae that
developed in a normal manner ranged from 96.7 percent to 100 percent. In a second test performed
on sediment samples from $2, the larvae exposed to the sediment elutriate showed a lower rate of

_, survival than the control group.

Bioaccumulation Studies. Based on toxicity testing performed using E estuarius, surficial
sediments from sampling locations $2, $3, $5, and $7 were selected for 28-day laboratory.
bioaccumulation studies. Tissue samples of the clam, Mocoma nausuta, analyzed as part of the
bioaccumulation studies, were analyzed for SVOCs, organochlorine pesticides, PCBs, metals, and
organotins. The summary analytical results are presented in Table 2-6. Analytical data for specific
metals identified are included in Table 2-7.

Tissue samples from sampling location $3 contained the highest concentrations of total PAHs and
organochlorine pesticides. The sample from $2 contained the highest concentration of total PCBs.
The total concentrations of PAHs, organochlorine pesticides, and total PCBs detected were 3,767
micrograms per kilogram (_g/kg), 498 _g/kg, and 242 _g/kg, respectively. The pesticides detected
consisted of alpha-chlordane; lindane; 4,4'-DDD; and 4,4'-DDE. Aroclor-1254 was the PCB
mixture detected.

The concentration of total metals was similar in tissue samples from each location and ranged from
121 mg/kg to 143 mg/kg. The total concentration of organotins was also similar in tissue samples
and ranged from 31 mg/kg to 97 mg/_g. The organotins detected were tributyltin and dibutyltin.

Benthic Population Studies. Based on toxicity testing performed using E estuarius, surficial
sediments from locations $2, $3, $5, and $7 were also selected for benthic population studies. An
average of 30 species was identified in sediments from $3. this was the highest number of species
identified in sediments from the four samples. The average number of species identified in
sediments from $2, $5, and $7 were 15, 15. and 17 respectively.
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Seventy-six percent of the benthic biota identified at the four locations were molluscs. Molluscs
also made up the majority of the biomass in samples from $3, $5, and $7. The three species
responsible were the clams Gemma gemma, Musculista senhousia, and Theora fragilis. The
majority of the biomass in the sample from $2 was composed of annelid worms even though
molluscs represented 79 percent of the individuals.

Sediment Core Samples. Sediment core samples from $3, $4, and $7 (Figure 2-6) were obtained
from the depths of 0 to 10 cm, 10 cm to 40 cm, 40 cm to 70 cm, and 85 cm to 95 cm. These
sediment samples were analyzed for SVOCs, organochlorine pesticides, PCBs, TPH, metals,
organotins, total organic carbon, percent solids, alpha radiation, and beta radiation. Summary
analytical results for sediment core samples from locations $3, $4, and $7 are s_a'unarized in
Tables 2-8, 2-9, and 2-10. Analytical results for the specific metals detected are included in Table
2-11.

PAHs, organochlorine pesticides, PCBs, metals, organotins, and TPH were de_ected in the
sediment core samples. In general, the highest chemical concentrations were detected near outfalls
in cores from locations $3 and $4. The concentration of the chemicals detected in cores from $3
and $4 varied with depth. Samples for the 10to 40 cm and 85 to 95 cm depths generally exhibited
the highest chemical concentrations.The sediment cores from $7 did not exhibit this same variation
with depth. The pesticides detected consist of alpha-chlordane; lindane; 4,4'-DDD; 4,4'DDE; and
4,4'-DDT. Aroclor-1254 and Aroclor-1260 were the PCB mixtures identified in the sediment core
samples. The organotinsdetected include dibutyltin and tributyltin.

Tot',d organic carbon levels ranged from 1.5 percent to 10 percent. Alpha radiation levels ranged
from not detected to 8 picocuries per gram (pCi/g). Beta radiation levels ranged from not detected
to 11pCi/g. The percent solids ranged from 37 percent to 45 percent.

2.3 WESTBEACHLANDFILL, SITE2 _

2.3.1 Site Description and History
The West Beach Landfill (Site 2) occupies approximately 110 acres in the southwestern comer of
NAS Alameda (Figure 2-1). It is bounded on the west and south by San Francisco Bay; to the
north and east the site is fenced from Perimeter Road and the Runway Area. The southwest portion
of the site is located in San Francisco County and the remainder of the site is located within
Alameda County. The landfill is surrounded by an earthen berm that is approximately 55 feet wide
and stands about 7 feet above the landfill surface. The refuse area is moderately to well vegetated.

A portion of this site was designated a wetland in 1985 (Figure 2-7). This portion of the site has
been created almost entirelyof dredged material. Based on a full wetland delineation conducted in
1993, the jurisdictional wetlands encompass 16.9 acres with approximately 5.4 acres of open
water noted in the spring of 1992 (PRC, 1994b). The amount of open water varies with season
and rainfall. Generally, the wetland area increases and the open water area decreases during the dry
season; the water likely originates from seasonal ponding of precipitation, tidal bay water entering
the area via a 36-inch culvert, and groundwater. The water is brackish. Much of the wetland habitat
followed the five-foot contour interval.

2.3.1.1 Fill History

Construction of the seawall along the southern and western sides of Site 2 began in 1956 along
with the placement of hydraulic sand fill material. The average thickness, determined through
drilling, is 27 feet on the eastern side and 46 feet on the western side. Generally, the northern half
of the site and the northeastern portion of southern half have been used for disposal purposes since
that time; the remainder of the southern portion has been used for disposal of dredge spoils. In
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June 1985, the Navy notified the Regional Water Quality Control Board (RWQCB) that a slurry
wall had been installedalong a portionof the western perimeter of the landfill to prevent seepage of
leachate into the bay. In 1986, an earthen berm approximately 15 feet wide and 5 feet high was
constructed around Site 2. (PRC. 1994b).

To comply with the requirements of Order No 83-85 from the RWQCB for the closure of the
landfill, the Navy constructed a cover for the landfill. Borrow material for the cover was initially
dredged from the southwestern portion of the site. However, in 1985 the Navy informed the
RWQCB that the southwestern portion of the landfillhad been declared a wetland and use of this
area for borrow material was discontinued. In 1986,20,000 cubic yards of imported material were
placed on the landfill. In December 1986,the Navy graded the cover to pre-'ent ponding of water.

2.3.1.2 Disposal History

The West Bea "hLandfill received almost all of the waste generated by the _ase from 1952 through
March 1978 as well as minor amounts of wastes from other naval facilities in the San Francisco
Bay area, including the Oak Knoll Naval Hospital (now the Oakland Naval Hospital).
Approximately 1.6 million tons of waste were disposed of at the landfill and approximately 30,000
to 500,000 tons of this waste was considered hazardous. The waste disposal method consisted of
excavating a trench to approximately 20 feet bgs in the hydraulic fill and placing the waste material
in the trench. The wastes were spread and compacted by a bulldozer and were intermittently
covered with excavated soil. During the late 1970s, the primary disposal method changed to
excavating to the water table and then filling with waste.

Known materials that were disposed include waste chemical drums; municipal garbage: solvents:
oily waste and sludges; paint waste, strippers, thinners, and sludges; plating wastes; industrial
strippers and cleaners; acids; mercury; PCB-contaminated fluids and rags; batteries; low-level
radiological wastes; scrap metal: inert ordnance: creosote; dredge spoils; waste medicines and
reagents: spoiled food: asbestos: pesticides (solid and liquid); tear gas agent ortho-
chlorobenylidene malononitrile; and infectious waste. The estimated quantities of particular
materials that were disposed of in the landfillwere presented in the E&E Initial Assessment Study.
Disposal of hazardous materials was discontinued by the early 1970s(HLA, 1978).

Disposal of all wastes ceased in March 1978 and the Navy proceeded with plans to close the
landfill as a class II disposal facility in accordancewith applicable local and state regulations. As
part of these plans, several investigations (discussed in section 2.3.2) were conducted to evaluate
soil and groundwater quality. The disposal area is currently moderately to well vegetated with
grasses and supports a variety of wildlife (PRC, 1994a).

2.3.3 Previous Investigations
Investigations were conducted at Site 2 to evaluate soil and groundwater quality in support of
closure of the landfillas a Class IIdisposal facility.These investigationsare describedas follows:

• In 1977, Harding Lawson Associates (HLA) performedan investigationto evaluate whether
the landfillat Site 2 was in compliancewith existingregulations and to make recommendations
to correct any deficiencies (HLA, 1978). The investigation included the installationof 20
borings (1 through 20) using a drilling rig or a handauger. These borings were installed in and
around the landfill as shown on Figure 2-8. Borings 1 through 13 and 17 through 20 were
converted to monitoring wells. Two samples of bay water were also analyzed. The
groundwaterand bay water samples were analyzed for oil and grease, selected metals, and
water quality parameters;the report of this investigation "alsoincludedanalytical results for
samples collected in 1976. Combustible gas measurementswere obtained from monitoring
wells 1 through 12 and 17 through 19 and samples from selectedwells were analyzed using
gas chromatographyfor oxygen, nitrogen, carbon dioxide, and five hydrocarbons including
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methane. Gas samples from other selectedwells were also analyzed by gas chromatography for
oxygen, nitrogen, carbon dioxide, and methane. HLA also estimated seepage rates to the Bay
as part of this investigation. The results of this investigationare not discussed further in this
Work Plan.

• In July 1983, Ecology and Environment installedmonitoring wells 20 through 25 within the
limits of the landfill in the locations shown on Figure 2-8. As part of this investigation,
groundwater samples from the newly installed monitoring wells and existing monitoring wells
3, 8, 9, and 19 were collected and analyzed. These were the only previously installed wells that
could be located. The groundwater samples were analyzedfor VOC, SVOCs, pesticides, and
metals. A magnetometer survey was also conducted as part of this investigation to investigate
the potential presence of buried drums. The results of this investigation are not discussed
further in this Work Plan.

• The initial Solid Waste AssessmentTest (SWAT) investigationconducted at Site 2 by Canonie,
in 1990, included the installation of four borings (WB-1 to WB-4) into the late Pleistocene
estuarine deposits (Canonie, 1990). These borings were drilled at the northwestern,
northeastern, and southwestern corners of the landfill in the locations shown on Figure 2-8.
Soil samples from these borings were selectively analyzed for asbestos, SVOCs, VOCs,
metals, mercury, organochlorine pesticides, PCBs, pH, radiation, and total organic carbon.
The results of this investigation are not discussed further in this Work Plan.

• During a subsequent SWAT investigation in 1991, the PRC team collected 151 surface soil
samples (Figure 2-9); 12 wetland sediment samples (Samples 301SD through 312SD, Figure
2-7): 23 wetland surface water samples (Samples 301SW through 323SW, Figure 2-7); and
subsurface soil samples from Site 2 for chemical analysis. Surface soil samples were analyzed
for SVOCs, organochlorine pesticides, PCBs, total recoverable petroleum hydrocarbons
(TRPH), metals, and radionuclides. Wetland sediment samples were analyzed for each of these
constituents except radionuclides. Subsurface soil from the soil borings was also analyzed.
Samples from the fill material were analyzed for VOCs, SVOCs, organochlorine pesticides, V
PCBs, TRPH, oil and grease, metals, asbestos, and radionuclides. Subsurface soil samples
collected from the late Heistocene/Holocene alluvial/eoliandeposits and Holocene estuarine
deposits (second water-bearing zone) were analyzed for VOCs, SVOCs, organochlorine
pesticides, PCBs, TRPH, oil and grease, metals, asbestos, and radionuclides. The results of
surface soil, sediment, and water sampling are discussed further in Section 2.3.6. The results
of subsurface sampling are not discussed further in this work plan.

• In 1993, PRC obtained surficial sediment samples of the top 10 cm of sediments from seven
locations (W 1through W7) and water samples from three locations (W2, W3, and W6); sample
locations are shown on Figure 2-7 (PRC, 1994). Bioassays were conducted on these samples.
Bioaccumulation studies and analyses of benthic populations for species diversity were
performed for those sediment samples (W4, W5, W6, and W7) that exhibited significant effects
in the bioassay.

2.3.4 Site/Geology and Hydrogeology

2.3.4.1 Geology

The primary geologic units encountered at Site 2 consist of artificial fill, Holocene Bay Mud, and
the late Pleistocene/Holocene deposits. The lateral and vertical relationships of these units at Site 2
are illustrated on the cross sections constructed in the locations shown on Figure 2-10 and
provided on Figures 2-11 and 2-12.

Site 2 is underlain by approximately 15 to 40 feet of fill material consisting primarily of poorly
graded sand, silty sands, and clays. The fill is thickest along the western boundary of Site 2. This
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unit is underlain by Holocene Bay Mud consisting mostly of silt and clay with sand lenses. In the
southwest corner of Site 2, the Holocene Bay Mud unit is silty sand with little or no clay. The
thickness of the Holocene Bay Mud varies from 5 to 40 feet (PRC and MW, 1995). The Holocene

_' Bay Mud is underlain by the late Pleistocene/Holocene deposits. These deposits consist of 25 to 60
feet of clayey sand to silty sand interbedded with clays and silts.

2.3.4.2 Hydrogeology

The first water bearing zone at Site 2 is unconfined and occurs within the fill materials overlying
the Holocene Bay Mud unit which acts as a confining layer between the first and second water
bearing zones. The second water-bearing zope occurs under confined conditions within the late
Pleistocene estuarine deposits beneath the Holocene Bay Mud. The clayey portion of the Holocene
Bay Mud is not present along the western comer of the site in the vicinity of monitoring well
cluster M-019; the hydraulic separation between the two water-bearing zones is possibly leaky in
this area.

The reported results of in situ slug tests performed in groundwater monitoring wells at Site 2
indicate that the hydraulic conductivity of the first water-bearing zone ranges from 5.2E-05
centimeter per second (cm/s) to 5.5E-02 cm/s and that the transmissivity of the second water-
bearing zone ranges from 3.8E-02 cm2/s to 3.04 cm2/s. Laboratory measurements of hydraulic
conductivities indicate lower hydraulic conductivities than measured with the slug tests. Laboratory
results for the first water bearing zone ranged from 3.1 E-08 crn/s to 1.5 E-05 cm/s and for the
second water-bearing zone ranged from 4.9 E-O9 cm/s to 3.1 E-08 cm/s (PRC and MW, 1995).
Laboratory soil classifications and measured values of the moisture content, dry density, specific
gravity, cation exchange capacity, and effective stresses of selected subsurface soil samples from
Site 2 were also determined.

Potentiometric surface, or water level, contour maps constructed for Site 2 using data from the
1992 tidal influence study are presented as Figures 2 13 and 2-14 for the first and second water-
bearing zones, respectively. Elevation datum on these figures is mean lower low water (MLLW).
These contours indicate that groundwater flow directions in both the first and second water-bearing
zones are generally westernly, toward the Bay.

Tidal influence studies have been conducted to assess the magnitude and extent of tidal influences
on groundwater levels in the first water-bearing zone (fill material), and the second water-bearing
zone at Site 2. These studies were conducted during the monthly high and low tides (PRC and
MW, 1995).

The study completed at Site 2 included monitoring the water levels in six well clusters and an
additional nine shallow wells. The monitoring well clusters consist of well pairs M-O1OA/M-
O1OB; M-012A/M-012B; M-014A/M-014B; M-016A/M-016B; M-020A/M-020B; and M-
023A/M023B. The additional nine shallow wells monitored include M-O1 IA, M013A, MOISA, M-
017A, M-018A, M-019A, M-021A, M-022A, and M-024A. The shallow monitoring wells are
designated with an A and are completed in the artificial fill which comprises the first water-bearing
zone. The deep monitoring wells are designated with a B or C and are completed in the late
Pleistocene/Holocene deposits of the second waterbearing zone.

Figures 2-13 and 2-14 include bar graphs to illustrate the amount of tidal fluctuation measured at
each well. For graphical clarity, no bar graphs were presented for wells that had water level
fluctuations of less than 0.1 feet. Water levels in both water-bearing zones at Site 2 were tidally
influenced. In general, water levels in the second water-bearing zone wells responded more
quickly, but with less amplitude, to tidal influences than did the water levels in the first water-
beating zone wells. The rapid response of the second water-bearing zone to tidal fluctuations is
primarily due to the confined nature of the zone.
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During the tidal influence study, a downward gradient between the first and second water-bearing
zones was observed at all cluster wells along the east margin of Site 2, with the exception of well
cluster M-O10. At well cluster M-OI0, a potential upward vertical head of 0.35 feet was indicated.
The hydraulic head differences measured in well clusters M-020 and M023 reversed cyclically
during recorded tidal cycles. The reversal occurred when the water level in the first water-bearing
zone wells fluctuated with greater magnitude than did the water levels in the second water bearing
zone wells (PRC and MW, 1995).

The water levels in the bay, measured at Pier 4, fluctuated approximately 9 feet, from 7.69 feet
above MLLW at high tide, to 1.86 feet below MLLW at low tide during the duratior, of the tidal
influence study.

Vertical gradients between the first and second water-bearing zones were evaluated for well
clusters at Site 2 using v_ater levels measured during three quarters of 1995 (Januar), April, and
July). In the eastern portion of Site 2 at well clusters M-010, M-012, and M°014, a downward
vertical gradient between the first and second water-bearing zones was observed at all well
clusters, except at well cluster M-010 where the vertical gradient was upward in April and July,
1995. It is assumed that tidal influence is the cause for the reversal of vertical gradient at well
cluster M-010.

Along the San Francisco Bay shore at Site 2 at well clusters M-020 and M-023, the vertical
gradient between the first and second water-bearing zones was downward most of the time, except
for well cluster M-020 in July and for well cluster M-023 in April. The hydraulic heads were equal
in monitoring wells M-020A and M-020B in January.

2.3.5 Summary of Analytical Data

The results of the ecological assessment conducted in 1993 (PRC, 1994a) and SWAT investigation
conducted in 1991 (PRC, 1994b) were reviewed to assess the water and sediment quality within
the West Beach Landfill Wetlands and identify the distribution of chemicals. The review included
assessment of the data presented in the reports; an independent assessment of the raw data was not
conducted. The results of this review have been used in later sections to select appropriate
sampling locations for this treatability study.

To simplify the discussion of the data and identify the general distribution of chemicals in the water
and sediment, data summary tables (Tables 2-12 through 2-16) provided in this section include the
total concentrations of PAHs, PCBs, organochlorine pesticides, and organotins detected in each
sample based on the analytical results presented in the report prepared for the ecological assessment
(PRC, 1994). Specific metals are identified where appropriate. Although samples were generally
analyzed for SVOCs, the primary SVOCs of concern are PAHs and the discussion below is limited
to the total PAH concentrations identified.

2.3.5.1 Surface Water Quality

During the SWAT investigation, 23 wetland surface water samples (Samples 301SW through
323SW, Figure 2-7) were analyzed for VOCs; SVOCs; organochlorine pesticides; PCBs; TPH;
metals: total organic carbon; the anions chloride, fluoride, and sulfate; and the physical parameters
acidity, alkalinity, hardness, total dissolved solids, specific conductivity, and temperature. With
the exception of acetone, chloromethane, and methylene chloride which are common laboratory
contaminants, VOCs were not detected in the samples. No PAHs, organochlorine pesticides, or
PCBs were detected and TPH was only detected in one water sample (323SW) at 0.3 mg/l. No
anomalous metals concentrations were noted. Specific analytical results for metals, total organic
carbon, anions, and physical parameters are presented in the SWAT report (PRC, 1994b).

V
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During the ecological assessment, water samples from three locations (W2, W3, and W6 shown
on Figure 2-7) were analyzed for SVOCs, organochlorine pesticides, PCBs, TPH, total and

_' dissolved metals, organotins, chemical oxygen demand, biological oxygen demand, total
suspended solids, dissolved organic carbon, and total organic carbon. The summary analytical
results are presented in Table 2-12.

PAHs, organotins, organochlorine pesticides, PCBs, and dissolved metals were not detected in the
surface water samples collected during the ecological assessment. Total metals were only detected
in the surface water sample from location W3; beryllium was the only metal detected and the
concentratio: was 3 l.tg/1.The chemical oxygen demand ranged from 680 mg/1 in the sample from
location W4 to 847 mg/1 in the sample from W3; the biological oxygen demand ranged from 3 mg,q
in the sample from W3 to 11 mg/l in the sample from W4; total suspended solids ranged from 8
mg/1 in the sample from W2 to 12 rag/1 in the sample from W4; total organic carbon ranged from
13 mg/l in tt.e samples from W3 and W4 to 27 mg/l in the sample from W2; and dissolved organic
carbon ranged from 12 mg/l in samples from W3 and W4 to 25 mg/l in the sample from W2.

2.3.5.2 Surface Soil and Sediment Quality

Surface soil samples collected from 150 locations within the West Beach Landfill (samples A-201
through N-210) were analyzed for SVOCs, organochlorine pesticides, PCBs, TRPH, metals, and
radionuclides. The distribution of total PAHs, total PCBs, and total organochlorine pesticides are
shown on Figures 2-15, 2-16, and 2-17, respectively. These figures show no discernable pattern
of a source to the wetlands, and is consistent with chemical transport by overland erosion or by the
chemicals being present on fill soils. The data are summarized as follows:

• The concentrations of total PAHs (Figure 2- 15) ranged from not detected to 17,380 !.tg/kg in
the soil sample from location F-200: the distribution of total PAHs in these soil samples was
irregular. In general, most concentrations were below 1,000 gg/kg; only 12 samples contained
total PAH concentrations greater than 1,000 i.tg/kg.

• The concentrations of total PCBs (Figure 2-16) ranged from not detected to 4,000 gg/kg in the
soil sample from location C-206. The distribution of total PCBs in the surface soil samples was
irregular. In general, most concentrations were below 400 lag&g; only three soil samples
contained total PCBs at concentrations greater that 1,000 gg/kg. The PCB mixtures detected
were Aroclor- 1248 and Aroclor- 1260.

• The concentrations of total organochlorine pesticides (Figure 2- 1 7) ranged from not detected
to 675 gg/kg in the soil sample from location D-205. The distribution of total organochlorine
pesticides in the surface soil samples was irregular. The pesticides detected include 4,4'-DDD;
4,4'-DDE; 4,4'-DDT; dieldrin; endrin; endrin ketone; heptachlor; heptachlor epoxide; alpha-
chlordane; and lindane.

• TRPH was identified in the majority of the surface soil samples; only eight soil samples
contained TRPH at concentrations greater than 1,000 mg/kg. Of the metals analyzed, only
arsenic, cadmium, copper, and mercury exceeded the typical range for metals in soil; the
concentrations were within the limits for the extreme range. Gross alpha radiation levels ranged
from not detected to 14.1 pCi/g; gross beta radiation levels ranged from not detected to 12.5
pCi/g, radium-226 levels ranged from 0.6 pCi/g to 13.0 pCi/g; and radium 228 levels ranged
from not detected to 1.0 pCi/g.

Wetland sediment samples collected from locations 301SD through 312SD within the West Beach
Landfill Wetland (Figure 2-7) were analyzed for VOCs, SVOCs, organochlorine pesticides, PCBs,
TRPH, and metals. With the exception of acetone, a common laboratory contaminant, no VOCs
were identified in the sediment samples. Fluoranthene and pyrene were the only PAHs identified in
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the sediment samples. The total concentrations ranged from not detected to 480 gtg/kg in sample
304SD. The only pesticides identified were 4,4'-DDD; 4,4'-DDE; and 4,4'-DDT; the total

concentration ranged from not detected to 898 _g/kg in sample 304SD. Aroclor-1260 was the only '_f

PCB isomer identified, the maximum concentration was 260 _g/kg in the duplicate sample from
location 310SD. TRPH concentrations ranged from not detected to 85.8 mg/kg in sample 309SD.
Of the metals analyzed, only arsenic and mercury exceeded the typical range for background
concentrations of metals, although these concentrations were within the limits for the extreme
range.

During the ecological assessment, surficial wetland st.diment samples from seven locations (W1
through W7 shown on Figure 2-7) were analyzed for SVOCs, organochlorine pesticides, PCBs,
TPH, metals, organotins, total organic carbon, and percent solids. The summary analytical results
are presented in Table 2-13, analytical results for soecific metals identified in the samples are
included in Table 2-14. The following is a summary ol the analytical results:

• Total PAH concentrations in these wetland sediment samples ranged from not detected in the
sample from W2 to 2,600 _g/kg in the sample from W6.

• The total concentration of PCBs ranged from not detected to samples from W1 and W2 to 435
_tg/kg in sample from W5; the PCB mixtures detected include Aroclor- 1254 and Aroclor-
1260.

• The total concentration of pesticides detected ranged from not detected in samples from Wl and
W2 to 16 p.g/kg in the sample from W5. The pesticides detected in the samples include 4,4'-
DDE and alpha chlordane.

• The TPH concentrations ranged from not detected in samples from W1, W2, and W3 to 543
mg/kg in the sample from W6.

• The total metals concentrations detected in wetland sediment samples ranged from 112 mg/kg
to 572 mg/kg.

• The total organic carbon levels ranged from 0.3 percent in the sample from W 1 to 1.1 percent
in the sample from W4.

• The percent solids values ranged from 46.3 percent in the sample from W6 to 81.3 in the
sample from W 1.

• Organotin data were not included in the information supplied to UCB.

Sediment Toxicity. Sediment toxicity was characterized for sediment samples from locations WI
through W7 (Figure 2-7). Sediments from W4, W5, W6, and W7 caused significant mortality (20
percent or greater) in the amphipod Eohaustorius estuarius; the lowest rate of survival was for
organisms exposed to sediments from W4. The percent survivals were as follows: Wl, 96.7
percent; W2, 97 percent; W3, 98.3 percent; W4, 34 percent; W5, 49.2 percent; W6, 51 percent;
and W7, 78 percent. Reburial of E. estuarius exposed to sediments from each location ranged from
96 percent to 100 percent. Exposure of juvenile worms, Naenthes arenaceodentata,to sediments
from the West Beach Landfill Wetland did not result in any significant reductions in survival or
growth.

BioaccumulationStudies. Based on toxicity testing performed using E. estuarius and the results of
chemical analyses, locations W4, W5, W6, and W7 were selected for bioaccumulation studies.
Tissue samples of the clam, Macoma nausuta, analyzedas part of the bioaccumulation studies were
analyzed for SVOCs, organochlorine pesticides, PCBs, metals, and organotins. The summary
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analytical results are presented in Table 2-15 and analytical data for specific metals identified are
summarized in Table 2-16.

Tissue samples from location W5 contained the highest concentrations of organochlorine
pesticides. PCBs, and metals: concentrations detected were 83 lag/kg, 426 !.tg/kg, and 140 mg/kg,
respectively. The pesticides detected consisted mixtures of lindane; 4,4'-DDD; and 4,4'-DDE.
ArocJor-1254 and Aroclor-1260 were the PCBs detected. PAHs were not detected in any of the
tissue samples. Organotins were identified in tissue samples from W4 and W7. Dibutyltin was the
only organotin identified.

Benthic Population Studies. Based on toxici'y testing performed using E. estuarius and the results
of chemical analyses, locations W4, W5, W6, and W7 were selected for benthic population
studies. An average of two species were identified in sediments from each West Beach Landfill
Wetland sediment sample. The greatest number of species identified was in sediments from
location W4 (eight species) and the smallest number of species identified was in sediments from
location W5 (two species). The most common species identified were unidentified oligochaete
worms and the polychaete worms Polvdora comuta and Capitella capitata. The biomass of the
benthic organisms within these sediments was dominated primarily by three common oligochaete
and polychaete worms. Mean abundance estimates averaged about 14 organism per station and the
overall diversity was low.
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Table 2.1 Summary of Sources of llazardous Materials near Seaplane Lagoon

Simrce. PRC 2/q4

IRP Site Buildin_ Buildtn_ Pescrlptlon Doeumenled Chemicals Used Dischnr_,e, Io Oulfall Io , Uomme,,ms

6 4 I Ilangar P1)680 (petroleum hydrocarb(m solvent) Storm Drain Seaplane no _ocumented spills or signs of
Air,. rMt Maintenance Trichlorofluorlmthane [.agoon contamination

I lydraulic Oi|
'l'richh.oetllant no discharge to combined system but
Paint wastes adjacent storm drain collects mnoif from site
Used Ilydraulic Oils
Dry ('leaner possible discharge of rinse wnters into

existing EIIMUD waslewaler Syslem

8 I i 4 Maintenance Shop chlordane Storm l;r;Jin Seaplane 1,000 lilen i_r day of"waslewaler from steam
Paint Shop lindanc l.agoon cleaning, painl stripping and painting were
S,,:;,m ('lcaning Shop DI)T dischargeddireclly to storm drains
St,,,.,gr Fa,:illly lot Pesticides and malathiun

Ilcll)}cidcs diazinun contents of malfuncdoninl_
telvar separator pits were routinely dumped at the
chlorvar West Beach landfill (Site 2)
2.4-D

Roundup
Princep
Krovar I

I t.h 4DI) I_llnl Shop sludge Industrial wastewaler IInlreated waslewaler was discharged In
('h'_llling Shop metal shavings collection system indl,slrial wastewater collcclion system
PlcvlousMlssilc Rework I:ilcilily paint slnpl_rrs

clealllltg solvents W+lstes were _krfmsilcd at West Beat'h I.*lo(lfill
oils and grease (Site 2)
heavy lll_lals
phc,lolx

t I I 4 lillglne test cell omrcury l.aboratories have had mercury spills in the
past Waste generated from cleanup was
disposed of at West Beach Landfill (Site 2)

old underground fuel storage tanks are
present at site

114 S,-rln sewer system plating bath dumps Seaplane The storm sewer system is reported In be in
paints I.agoon poor condition and may leak.
paint strippers
pesticides/herbicides Untreated wastes were discharged In system
oils and grease /)rio+ Io 1975, since that time these
cleaning solvents waalewnlers have been discharged to the
PC'/] contaminated oils separated sanitary sewer system
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TABLE 2-2

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
WATER SAMPLES

SITE 17, SEAPLANE LAGOON

LAGOON WATER SAMPLES STORM WATER SAMPLES

Sampling Station Sampling Station
$3 $4 $7 SWl SW2 SW3

TOTAL PAHS (l_gll) ND ND ND ND N£) ND

TOTAL METALS (pgll) 97 100 134 191 90 143

TOTAL DISSOLVED METALS (pg/I) ND ND ND 136 6 2 71

TOTAL ORGANOTINS 0,gll) ND NO NO ND 103 0.02

TPH (rag/I) 1.6 1.7 1.8 1.4 0.7 0.6

ORGANOCHLORINE PESTICIDES AND PCBS (pg/I) ND NO NO NO NO NO

MISCELLANEOUS MEASUREMENTS

Biological Oxygen Demand (mg/I) 2 2 1.7 5 4 5
Total Suspended Solids (mg/I) 4 4 4 5 13 1 3

TOTAL ORGANIC CARBON

Dissolved Organic Carbon {rag/I) ND ND kiD NO ND 3.6

Total Organic Carbon (mg/I) ND ND ND NO ND 3.6

CHARACTERISTIC MEASUREMENTS

Salinity (ppt) 26.3 26.3 26.3 NA NA NA

Dissolved Oxygen (mg/I) 8.7 9.8 7.6 7.2 9.9 8.4
pH (-) NA NA NA 7.7 7.6 7.0

Notes:
ND: NotDetected

NA: NotAnalyzed
Source:

PRC, 1994a
EcologicalAssessment
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TABLE 2-3

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
WATER SAMPLES

SITE 17, SEAPLANE LAGOON

METALS DATA

LAGOON WATER SAMPLES STORM WATER SAMPLES

Sampling Station Sampling Station
$3 $4 $7 SWl SW2 SW3

TOTAL METALS

Cadmium (l_g/I) ND ND ND 8 ND ND
Chromium (Hg/I) ND 50 8 ND ND ND
Copper (lug/I) ND ND ND 1 9 ND 8
Lead (fig/I) 3 2 3 1 2 1 3 15

Zinc (Hg/I) 94 48 123 160 77 120
TOTAL 97 100 134 199 90 143

TOTALDISSOLVEDMETALS
Cadmium (l_g/I) ND ND ND 5 ND ND
Lead (Hg/I) ND ND ND 3 ND ND
Zinc (Hg/I) ND ND ND 128 6 2 7 1
TOTAL ND ND ND 136 6 2 7 1

Notes:
ND: Not Detected

Source:

PRC, 1994a
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TABLE 2-4

SUMMARYOF PREVIOUSANALYTICALRESULTS
SURFICIALSEDIMENTSAMPLES
SITE 17, SEAPLANELAGOON

Sampling Station
$I $2 $3 $4 $5 $6 $7

TOTAL PAHS (pg/kg) 473 1,528 43,147 1,701 1,345 11,943 1,394

TOTAL METALS (mg/kg) 358 419 1,383 514 602 545 509

TOTAL ORGANOTINS (t=glkg) 7 8 330 23 7 22 0

TPH (mg/kg) 225 160 3,373 697 203 3,747 139

TOTAL ORGANOCHLORINEPESTICIDES(IJg/kg) 13 5 238 17 4 47 2

TOTAL PCBS 01g/kg) 212 84 798 385 119 182 11 9

PERCENTAGESOLIDS(%) 65 55 39 62 32 51 39

TOTAL ORGANICCARBON(%) 1 1 3 1 2 1 1

Source:

PRC, 1994a

Berkeley Environmenlal Restoration Center Intrinsic Sediment Processes Study
Work Plan, Draft Final February 1997
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TABLE 2-5

SUMMARY OF PREVIOUSANALYTICAL RESULTS
SURRCIAL SEDIMENTSAMPLES

SITE 17, SEAPLANE LAGOON

METALS DATA

Sampling Station
$1 $2 $3 $4 $5 $6 $7

TOTAL METALS

Antimony (mg/kg) 13.8 0.7 39.8 17.1 33.1 19.8 30.3
Arsenic (mg/kg) 4.1 6.0 10.9 4.1 12.6 7.3 11.2
Beryllium (mg/kg) ND 0.3 0.3 0.2 0.4 0.2 0.4
Cadmium (mg/kg) 3.5 0.5 28.2 2.2 2.8 4.0 0.5
Chromium (mg/kg) 130.0 113.3 400.0 223.3 182.5 166.7 165.0
Copper (mg/kg) 29.8 41.3 132.5 36.6 66.6 54.0 56.5
Lead (mg/kg) 37.1 33 342.5 73.7 40.9 69.6 32.6
Mercury (mg/kg) 0.26 0.39 0.81 0.27 0.55 0.36 0.46
Nickel (mg/kg) 36.8 63.3 81.8 41.9 82.3 62.3 73.8
Selenium (mg/kg) ND 0.2 0.4 ND 0.2 ND ND
Silver (mg/kg) 0.7 0.5 6.1 3.9 0.4 0.8 0.4
Thallium (mg/kg) ND ND ND ND ND ND ND
Zinc (mg/kg) 101.5 160 340 111.1 180 160 137.4
TOTAL 358 419 1,383 514 602 545 509

Notes:
ND: Not Detecled

Source:
PRC, 1994a

Berkeley Environmental Resloration Cenler Inlrinsic Sedimenl Processes Study
Work Plan, Draft Final I:cbruary 1997



TABLE 2-6

SUMMARYOF PREVIOUSANALYTICALRESULTS
TISSUESAMPLESFROMLABORATORYBIOACCUMULATIONSTUDIES

SITE 17, SEAPLANELAGOON

SamplingStation
$2 $3 $5 $7

TOTAL PAHS (l_glkg) ND 3,767 ND ND

TOTAL METALS (mg/kg) 143 128 126 121

TOTAL ORGANOTINS(llg/kg) 82 71 97 31

TOTALORGANOCHLORINEPESTICIDES(llg/kg) 1 8 498 ND ND

TOTAL PCBS (_glkg) 278 242 ND ND

Notes:
ND: Not Detected

Source:
PRC, 1994a

BerkeleyEnvironmentalRestorationCenter IntrinsicScdimcn!PrincessesStudy
WorkPlan,DraftFinal February1997
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TABLE 2-7

SUMMARYOFPREVIOUSANALYTICALRESULTS
11SSUESAMPLESFROMLABORATORYBIOACCUMULATIONSTUDIES

SITE17, SEAPLANELAGOON

METALSDATA

Sampling Station
S2 $3 $5 S7

TOTAL METALS

Arsenic (mg/kg) 21.2 21.6 22.3 22.8
Chromium (mg/kg) 3.2 ND ND ND

Copper (mg/kg) 11.9 11.1 10.1 1 0.8
Lead (mg/kg) 2.9 5.3 1.6 1.2
Mercury (mg/kg) 0.2 0.1 0.1 0.1
Nickel (mg/kg) 3.8 6.7 3.5 4.2

Zinc (mg/kg) 99.9 83.6 88.7 82.3
TOTAL 143 128 126 121

Notes:
ND: Not Detected

Source:
PRC, 1994a

Bcrkclcy EnvironmcnlalRcsloralion Cenlcr Inlrin,_icSedimcnl l)ro_:csscsSlu(ly
Work Plan, Dral'l Final February 1997



TABLE 2-8

SUMMARYOF PREVIOUSANALYTICALRESULTS
SEDIMENTCORE SAMPLES,SAMPLINGSTATION $3

SITE 17, SEAPLANE LAGOON

Sampling Depth (cm)
0-10 10-40 40-70 85-95

TOTAL PAHS (_glkg) NDA 23,840 92,930 54,470

TOTAL METALS (mglkg) 1,561 5,366 2,974 10,607

TOTAL ORGANOTINS (IJg/kg) 320 480 97 310

TPH (mg/kg) 4,200 90,000 26,000 180,000

TOTAL ORGANOCHLORINE PESTICIDES (pg/kg) 321 5,480 678 2,873

TOTAL PCBS (pglkg) t, 231 12,051 3,867 8, 108

PERCENTAGE SOLIDS (%) 3 9 39 4 5 3 7

TOTAL ORGANIC CARBON (%) 3.7 10.0 4.5 6.2

ALPHA RADIATION (pCi/gm) ND 1 ND ND

BETA RADIATION (pCilgm) 1 5 ND 3

Notes:
NDA: No Data in Amendment
ND: Not Detected

Source:

PRC, 1994a

BerkeleyEnvironmentalRestoralionCenter IntrinsicSediment ProcessesSludy
WorkPlan, Draft Final February1997
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TABLE 2-9

SUMMARY OF PREVIOUS ANALYTICALRESULTS
SEDIMENT CORE SAMPLES, SAMPLINGSTATION $4

SITE 17, SEAPLANE LAGOON

Sampling Depth (cm)
0-10 10-40 40-70 85-95

TOTAL PAHS (llglkg) NDA 5,480 3,540 8,990

TOTAL METALS (mg/kg) 1,597 5,024 3,531 4,983

TOTAL ORGANOTINS (pglkg) 196 204 6 2 7 2

TPH (mg/kg) 1,800 61,000 10,000 89,000

TOTAL ORGANOCHLORINE PESTICIDES (llg/kg) 103 482 4 32 521

TOTAL PCBS (i,glkg) 2,211 6,000 5,000 6,564

PERCENTAGE SOLIDS (%) 38 4 5 3 4 3 9

TOTAL ORGANIC CARBON (%) 2.5 5.1 5.5 5.5

ALPHA RADIATION (pCilgm) 1 8 1 8

BETA RADIATION (pCi/gm) 5 1 1 4 2 0

Notes:
NDA: No Data in Amendment

Source:

PRC, 1994a

Bcrkclcy EnvironmcnlalResloralionCcnlcr Inlrinsic Scdimcnl Pr,_:csscsSludy
W(,rk Plan,I)rafl Final l:ehrl,ary Iq97



TABLE 2-10

SUMMARYOF PREVIOUSANALYTICALRESULTS

SEDIMENT CORE SAMPLES, SAMPLINGSTATION $7
SITE 17, SEAPLANE LAGOON

Sampling Depth (cm)
0-10 10-40 40-70 85-95

TOTAL PAHS (pglkg) NDA 430 2,450 1,270

TOTAL METALS (mglkg) NDA NDA NDA NDA

TOTAL ORGANOTINS (IJg/kg) 0 47 150 41

TPH (mglkg) 99 85 190 840

TOTAL ORGANOCHLORINE PESTICIDES (pg/kg) ND ND 7 18

TOTAL PCBS (pglkg) 97 228 457 682

PERCENTAGE SOLIDS (%) 38 4 3 4 4 44

TOTAL ORGANIC CARBON (%) 1.5 1.6 1.8 2.1

ALPHA RADIATION (pCi/gm) ND 2 ND 1

BETA RADIATION (pCi/gm) 3 7 2 7

Notes:
NDA: No Data in Amendment
ND: Not Detected

Source:

PRC, 1994a

BerkeleyEnvironmentalRestorationCenter IntrinsicSedimentProcessesSludy
Work Plan, DraftFinal February1997
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TABLE 2-11

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
SEDIMENT CORE SAMPLES

SITE 17, SEAPLANE LAGOON

METALS DATA

Sampling Station $3 Sampling Station $4
Sampling Depth (cm) Sampling Depth (cm)

0-10 10-40 40-70 85-95 0-10 10-40 40-70 85-95

TOTAL METALS

Antimony (mg/kg) 36.0 31.6 41.3 37.4 34.1 41.6 52.8 49.1
Arsenic (mg/kg) 14.3 11.1 17.8 7.4 10.5 9.6 9.1 8.8
Beryllium (mg/kg) ND ND ND ND ND 0.25 ND ND
Cadmium (mg/kg) 29 230 110 1,400 96.22 440 260 330
Chromium (mg/kg) 320 880 650 2,900 600 2100 1500 1900
Copper (mg/kg) 150 350 210 620 94.45 170 150 140
Lead (mg/kg) 440 2,800 1,1 O0 4,000 300 900 569.82 1000
Mercury (mg/kg) 0.7 1.8 1.6 2.6 0.3 1.4 1.4 0.9
Nickel (mg/kg) 120 170 130 110 89 130 130 130
Selenium (mg/kg) 0.32 0.30 0.30 ND 0.32 0.76 0.99 0.39
Silver (mg/kg) 0.65 21.44 12.58 130.00 12.12 30.86 27.61 23.58
Thallium (mg/kg) NO ND ND ND ND ND ND ND
Zinc (mg/kg) 450 870 700 1,400 360 1,200 830 1_400
TOTAL 1,561 5,366 2,974 10,607 1,597 5,024 3,531 4,983

Notes:
ND: Not Detected

Source:

PRC, 1994a

Berkeley EnvironmenlalResloralion Cenlcr Inlrinsic Sedimcn! Pn_:esses Sludy
Work Plan, I)rall Final I:cbruary 1997



TABLE 2-12

SUMMARY OF PREVIOUS ANALYTICALRESULTS
SURFACEWATER SAMPLES

SITE 2, WEST BEACH LANDFILL

Sampling Station
W2 W3 W4

TOTAL PAHS (_tgll) ND ND ND

TOTAL METALS (l_gll) ND 3 ND

TOTAL ORGANOTINS 0tg/I) ND ND ND

TPH (mgll) ND ND ND

ORGANOCHLORINE PESTICIDES AND PCBS (pg/I) ND ND ND

MISCELLANEOUSMEASUREMENTS

Biological Oxygen Demand (mg/I) 4 3 11
Total Suspended Solids (mg/I) 8 12 10

TOTAL ORGANIC CARBON

Dissolved Organic Carbon (mg/I) 25 12 12
Total Organic Carbon (mg/I) 27 13 13

Notes:
ND: Not Detected

Source:
PRC, 1994b

BerkeleyEnvironmentalRestorationCenter Intrinsic SedimentProcesses Study
Work Plan, Draft Final February 1997
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TABLE 2-13

SUMMARYOFPREVIOUSANALYTICALRESULTS
SURFICIALSEDIMENTSAMPLES
SITE2, WEST BEACH LANDFILL

Sampling Station
Wl W2 W3 W4 W5 W6 W7

TOTAL PAHS (l_glkg) 1,893 0 1,268 1,477 1,972 2,565 1,291

TOTAL METALS (mg/kg) 112 131 156 572 516 308 327

TOTALORGANOCHLORINEPESTICIDES(llg/kg) ND ND 1 10 16 4 8

TOTAL PCBS (tlg/kg) ND ND 25 314 435 59 194

Notes:
ND: Not Detected

Source:
PRC, 1994b

Berkeley EnvironmentalRestorationCenler Intrinsic Sedimcnl ProcessesSludy
Work Plan, Draft Final I.chruary 1997



TABLE 2-14

SUMMARY OF PREVIOUS ANALYTICALRESULTS
SURFICIAL SEDIMENTSAMPLES
SITE 2, WEST BEACH LANDFILL

METALS DATA

Sampling Station
Wl W2 W3 W4 W5 W6 W7

TOTAL METALS

Antimony (mg/kg) ND ND ND 0.7 ND ND ND
Arsenic (mg/kg) 1.6 1.7 2.5 9.9 11.8 7.1 7.3
Beryllium (mg/kg) 0.2 0.2 0.3 0.9 0.8 0.6 0.5
Cadmium (mg/kg) 0.1 0.2 0.3 1.5 0.5 0.3 0.4
Chromium (mg/kg) 60.5 66.0 71.5 139.7 140.5 100.3 98.7
Copper (mg/kg) 4.3 5.8 9.1 54.0 48.0 25.0 28.7
Lead (mg/kg) 1.9 2.6 6.8 57.7 49.5 18.3 24.3
Mercury (mg/kg) 0.01 0.01 0.04 0.65 0.74 0.25 0.24
Nickel (mg/kg) 22.8 29.5 32.3 96 88.5 59 55
Selenium (mg/kg) ND ND ND 0.3 0.4 0.2 0.2
Silver (mg/kg) ND ND ND 1 0.7 NO NO

Thallium (mg/kg) NO NO NO NO NO NO NO

Zinc (mg/kg) 20.8 25 33.5 210 175 96.7 112
TOTAL 112 1 31 1 56 572 516 308 327

Notes:
ND: Not Detected

Source:
PRC, 1994b

i

Berkeley EnvironmentalRestorationCenter IntrinsicSedimentProcesses Sludy
WorkPlan,Draft Final Fcbruar7 1997
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TABLE 2-15

SUMMARY OF PREVIOUS ANALYTICAL RESULTS
TISSUE SAMPLES

SITE 2, WEST BEACH LANDFILL

Sampling Station
W4 W5 W6 W7

TOTAL PAHS (llglkg) hid ND hiD ND

TOTAL METALS (mg/kg) 131 1 40 1 08 108

TOTAL ORGANOTINS (pglkg) 97 ND hiD 6 7

TOTALORGANOCHLORINEPESTICIDES(I-=g/kg) 61 8 3 ND ND

TOTAL PCBS (llglkg) 358 426 ND 254

Notes:
ND: Not Detected

Source:
PRC, 1994b

BerkeleyEnvironmentalRestorationCenter IntrinsicSedimentProcessesStudy
Work Plan,Draft Final February1997



TABLE 2-16

SUMMARY OF PREVIOUS ANALYTICALRESULTS
TISSUE SAMPLES

SITE 2, WEST BEACH LANDFILL

METALS DATA

Sampling Station
W4 W5 W6 W7

TOTAL METALS

Arsenic (mg/kg) 21.2 21.4 20.2 12.5
Copper (mg/kg) 10.3 11.1 15.6 15.0
Lead (mg/kg) 1.8 2.6 l.t 1.2

Mercury (mg/kg) 0.1 0.1 NO 0.1
Nickel (mg/kg) 4.6 6.1 ND NO

Zinc (mg/kcj) 93.3 98.2 70.8 79.3
TOTAL 131 140 108 108

Notes:
ND: Not Detected

Source:
PRC, 1994b

Berkeley EnvironmentalRestoralionCenter InlrinsicSediment Processes Study
Work Plan, Draft Final February 1997
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Landfill

I

17: Seaplane
Lagoon 7C

Feet o soo looolsoo2o0o NAVALAIR STATION ALAMEDA
' ALAMEDA, CALIFORNIA

Meters o 2oo 40o cooIt--

SITE LOCATIONMAP

FIGURE 2-1InstallationRestorationProgramSite BERKELEYENVIRONMENTALRESTORATIONCENTER
UNIVERSITY OF CALIFORNIA, BERKELEY



San Francisco Bay

Fill Ho_locene

Mud

Artificial Fill:

The fill meterialin the vicinityof NASAlamedaconsistsof siltysand to sand with
Merritt inclusionsof claysand/orgravels. The fillconsistsof dredgespoilsfromthe
Sam, surroundingSan FranciscoBay,the SeaplaneLagoon,andthe :)akland Channel. The

Z (Eolian) fill was hydraulicallyemplaced.

_ ContactBetweenFill and HoloceneBay Mud Unit:
t.-

The contactis identifiedby a lithologychangefrom siltysandto sand to, in certain

locations,siltyclay to clayeysandwith abundantshells or an increased quantityofAlluvial deposits-- shell hash material.
_ (late Pleistocene

= and Holocene) HoloceneBay Mud:
--_ _ The HoloceneBay MudUnit inthe vicinityof NAS Alameda consistsof blackto gray,
_¢ Late Pleistocene clay to siltyclay with clayeysandto sands.
•= estuarine€-

¢_ _ deposits Late Pleistocene/HoloceneAlluvialEolian Deposits:
.=_ (San Antonio The eoliandepositsinthe vicinityof NAS Alamedaconsistof yellow-brown,fine-grained
"oc Equivalent) sandto siltysand. The alluvialdepositsin the vicinityof NAS alameda consistof dark
:_ olive gray to gray,siltysand to clayey sandto fine-sandwithclay stringers.

Contact Betweenthe Late Pleistocene/HoloceneAlluvial/EolianDepositsandLate PleistoceneEstuadneDeposits:
The contactis identifiedby an unconformitydefinedby a definite colorand lithologychange
fromdarkolivegray to grayforthe alluvialdepositsoryellow-brownsiltyor clayeysand to

Undivided sand forthe eolian depositsto darkgreenishgray to gray, organicsilty clay.
Pliocene and
Pleistocene Late Pleistocene Estuarine Deposits:

terrestrial and The estuarine deposits in the vicinity of NAS Alameda consistof a dark greenish-gray to
estuarine gray, very stiff, organic, silty clay.

deposits

Franciscan Complex
marine sedimentary NAVALAIR STATION ALAMEDA

and metasedimentary ALAMEDA, CAMFORNIA
rock

(Cretaceous and IDEAUZED STRATIGRAPHICCOLUMN
Jurassic) FOR ALAMEDAAREA

RGURE 2-2

Source: PRC, 1995 SERKELEYENVIRONMENTALRESTORATIONCENTER
UNIVERSITY OF CALIFORNIA, BERKELEY
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East
C

West A E B
-- _ _ ...... FirstWater

- -- ___-- _ - BearingZone
-_ Artificial Fill (20'-40' thick)

(0-35' thick)
Holocene Bay Mud Unit

First Second Water

Aquifer BearingZone
Pleistocene/Holocene Alluvial (0-30' thick)

and Eolian Deposits .-.
(Includes Merrltt Sar_Ls)--- ""

.,,..-
......

LatePleistocene Estuarlne Deposits

----- (s_.. an Antonio Formation

Undivided PIIocene/Plelstocene

Second [------ - Terrestrialand Estuarine Deposits
Aquiler (Includes Alameda Formation)

A- Wells completedinthe Firstwater-bearingzone atthe topof the saturatedArtificialFill
E-Wells completedinthe Firstwater-bearingzone atthe base ofthe ArtificialFill
B- Wellscompletedin the Secondwater bearingzone atthe topofthe LatePleistocene/HoloceneAlluvialandEolianDeposits

(beneaththe HoloceneBay Mud Unit)
C- Wells completedinthe Secondwater-bearingzone atthe baseof theLate Pleistocene/HoloceneAlluvialand EolianDeposits

abovethe Late PleistoceneEstuarineDeposits(San AntonioFormation)

--_- StaticWater Level
- NAVAL AIR STATION ALAMEDA

ALAMEDA,CALIFORNIA

SCHEMATIC DIAGRAM OF
Notto scale FIRSTAND SECOND AQUIFERS
Source: PRC, 1995 FIGURE2-3

BERKELEY ENVIRONMENTAL RESTORATION CENIER
UNIVERSITY OF CALIFORNIA. BERKELEY
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Site 2:
West Beach
Landfill

FT-ND D D

Site17:
SeaplaneLagoon,

NAVAL AIR STATION ALAMEDA
ALAMEDA, CALIFORNIA

Feet o soo looo lsoo 20oo 1856 TIDAL FLAT AREA
" ' _ 1856 Tidal Rat Area Source:PRC, 1995 FIGURE 2-4

Meters o =oo 4oo 6o0 I i
BERKELEY ENVIRONMENTAL RESTORATION CIEN'TER

UNIVERSITY OF CALIFORNIA, BERKELEY
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"k Locationof Stormwaterouffalls(A throughJ)

=!= Locationof StormwaterSample (PRC,1994)

• Locationof SedimentGrab Sample (PRC,1994)

L_ Locationof Sediment Core Sampleand WaterSample (PRC,1994)

O Locationof Samplefor Bioaccumulationand BenthicPopulationStudies (PRC,1994)

NAVAL NR STATION ALAMEDA
ALAMEDA, CALIFORNIA

0 500 1000 1500

Feet , SEAPLANE LAGOON (SITE17)
FIGURE2..6

0 200 400 800 BERKELEYENVIRONMENTALI:__STORATIONCENTER
Meters UNIVERSITYOF CALIFORNIA,aERKB.EY



Tax|way No.1

I-I SS2.4

311SD

• 321sw

San Francisco Bay

I_ Open Water ii

Approximate Wetland Area NAVALAIR STATION ALAMEDADesignatedin 1985 ALAMEDA, CALIFORNIA

O SedimentCore Locations(PRC, 1991) SEDIMENTAND WATER SAMPLES
[] SurfaceSoil Sample (PRC, 1992) o 2oo 4oo soo coo LOCATION MAP
• WetlandSediment Sample(PRC, 1991) _ET j0 SO 100 1SO 200 SITE2
• WetlandWater Sample(PRC, 1991) METER , RGURE2-7

mm Berm Source:PRC, 1993 eERKELEYENVIRONMENTALRESTORATION CENTER
UNIVERSITY OF CALIFORNIA, BERKELEY
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Open Water

Approximate Wetland Area NAVALAIR STATION ALAMEDADesignated in 1985 ALAMEDA, CAUFORNIA

O Boring(Canonie, 1990) MONITORINGWELLS AND
o 200 40o eoo eoo BORING LOCATION MAP

• MonitoringWell (PRC, 1992) FEET ' SITE 2
0 5O 100 150 200

"_- Boring(HI_A,1978) METER RGURE2"8
BERKELEY ENVIRONMENTAL RESTORATION CENTER

O Monitoring Well (E & E, 1983) Source:PRC, 1993 & HLA, 1978 UNIVERSITYOFCALIFORNIA.BERKELEY
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UNIVERSITY OF CALIFORNIA, BERKELEY



Soclrce:PRC. 1994

SCALE: IN FEET

SITE 2

NAVAL AIR STATION ALAMEDA
ALAMEDA, CALIFORNIA

CROSS SECTION
LOCATION MAP

SITE 2
FIGURE 2-10

BERKELEY ENVIRONMENTAL RESTORATION CENTER
UNIVERSITY OF CAUFORNIA. BERKELEY
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_i Open Water NAVALAIR STATION ALAMEDA

B ApproximateWetland Area ALAMEDA, CAUFORNIADesignatedin 1985
TOTAL PAH RESULTSIN

• Surface Soil Sample (PRC, 1991) o 2oo 4oo 8oo coo
FF_E'r , SURFACE SOIL SAMPLES

o 5o _oo l_o _oo SITE2
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3.0 OVERVIEW OF PROPOSED PROJECT FOR INTRINSIC
SEDIMENT PROCESSES STUDY

This section of the Work Plan provides an overview of the Berkeley Environmental Restoration
Center's approach for the conduct of site characterizationand treatability studies for the sediments
in the Seaplane Lagoon and in the West Beach LandfillWetlands area. These studies are in support
of the Navy's program to conduct feasibility studies for Site 2 and for Site 17 at NAS Alameda
(see Section 1.4).The objectives of this project are as follows:

1. Assessment of chemical migration pathways and toxicity iv sediments

2. Evaluation of the time-scale for intrinsic remediation processes

3. Evaluation of selected issues associated with remedial strategies

At the time of the preparation of the work plan, the risks associated with specific chemicals present
in lagoon or wetland sediments have not been determined by the Navy. Based on data from
previous investigations, the chemicals of potential concern as identified by the Navy are metals.
PCBs and PAHs; these chemicals also have been of concern in sediments at other sites. While
there is literature that generally describes the behavior of these chemicals in sediments, the
environmental settings of the Seaplane Lagoon and the West Beach Landfill Wetlands are unique in
terms of depositional history and chemical constituent distribution compared to the literature
information. Therefore, a site-specific understanding of how these chemicals are behaving, or may
behave in the future, is important for selecting remedial actions - especially if an option that
includes leaving sediments in place is to be considered.

A number of studies will be conducted by BERC to address topics of geochemistry, toxicity,
bioavailability, water flow, and the transformation of chemicals in sediments. A major focus of the
studies is to elucidate the processes that currently control the site-specific transformation and

"_' transport of chemicals in undisturbed sediment systems. These studies then will help define the
extent to which "intrinsic processes" in the undisturbed sediments control the toxicity, availability,
or concentrations of chemicals in exposure pathways. Toxicity and bioaccumulation tests will also
be conducted, with these empirical data then related to the composition and geochemistry of the
pore water sediment. Knowledge of the geochemistry is also important for an evaluation of the
potential for release of chemicals should the sediment be disturbed. Other studies related to
methane generation in sediment and water flow are important for their implications to remedial
options such as capping. This information will be contained in individual technical reports, and
then summarized and integrated in a final report to the Navy.

The studies by BERC will employ a limited sampling effort focused on what is considered to be
the more contaminated areas of the sites. The individual studies will then test and apply the
methods to accomplish the above objectives at these locations, with some emphasis on how
conditions and processes may vary in the sediment profile. As required, the methods developed
and applied in this project can be used later in an expanded investigationto further define the lateral
and vertical site characteristics for decisions regarding risk and remedial options, including
sediment removal.

3.1 BACKGROUNDFOR APPROACH
The chemicals in sedimentsare presentthrough associationwith particulatematterthat settle out
from the overlying water column. In the marinesystems, the dynamicsof particlemovement are
controlled by fresh water inflow, tidal currents, wind-inducedcurrents, and storms. For many
parts of a marine system, there is a net deposition of newer sediments which covers older
sedimentsand the previouslyco-depositedchemicals.The sediments and the chemical constituents
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then undergo microbial and chemical alterations that are a function of nutrient availability and
diffusion processes in the sediment.

Within the sediment bed, there is a sequence of layers, each having unique microbial communities
and associated chemistries.The uppermost layers are dominated by aerobic microbial processes in
which oxygen is utilized to oxidize organic matter (natural or anthropogenic). The progressively
deeper sediment layers are oxygen depleted and are characterizedby organisms that utilize nitrate,
then iron and manganese, as electron acceptors to effect oxidation of the organic material. Deeper
layers utilize sulfate as an electron acceptor, resulting in production of sulfides; even deeper layers
result in fermentation/methanogenesis where organic materials are converted to organic acids,
carbon dioxide, and methane.

These strata and their attendant microbial communitiescontrol the oxidation/reduction chemistry,
the resulting speciation of metals in the layers, and the dominant biochemical pathways that are
available for transforming the chemical cor.stituents in the respective layers. The distances over
which these changes occur in the very fine, organic-rich sediments are potentially very small, on
the order of a few centimeters in going from the oxygenated layer to the sulfate-reducing layer. The
chemical form of the trace metals is also associated with the oxidation/reduction potential of the
layers. For example, in the more oxic layers the metals may be complexed in solution by soluble
organic or inorganic ligands or sorbed to iron and manganese oxides; whereas, _ndeeper sediments
the absence of these oxides and the presence of sulfate reducing systems results in the formation of
insoluble metal sulfides. As a result, the composition of sediment and of the interstitial water
(commonly called pore water) is expected to vary with sediment depth.

The above sequence in sediment chemistry is expected to be generally operative even in the
presence of the past chemical releases. As shown in Section 2, elevated levels of metals and
selected organic constituents are present in the lagoon and wetlands sediments, with the highest
concentrations in the lagoon being located near the outfalls. The amount of naturally occurring
organic material compared to the organic substances from Navy sources (fuel releases, lubricant
hydrocarbons, etc.) is not known; similarly, the contribution of Navy sources to the total metal
loading in sediments is not known. The ecological effects of the releases is also undetermined. The
more elevated concentrations of metals and organic constituents are located in the deeper
sediments, where anaerobic processes occur. These processes are generally considered to be
slower than aerobic processes, but may be important in reducing the chlorine content of synthetic
chlorinated organic chemicals, such as PCBs, that are highly resistant to oxidation in surface soils
and waters.

While the lagoon and wetlands are physically dissimilar, the same general transport and microbial
processes are expected to control the fate, transport, and toxicity of chemicals present. The
seaplane lagoon sediments are perennially saturated, and contain organic and inorganic chemicals
that were washed from NAS Alameda storm drains and then deposited in sediments. The West
Beach Landfill Wetlands, by comparison, are episodically floodedby season and possibly by tidal
action, with some areas perennially flooded as daylighted groundwater. Chemicals present in the
wetlands are nominally the same types as have been discharged into the lagoon, but lower
concentrations are likely present in the wetlands itself. The major differences in the two sites are
the wet/dry cycling in sediments in the wetlands and the uncertainty of chemical movement out of
the wetlands during these cycles.

3.2 PROJECT APPROACH

The proposed treatability studyprogram consists of a number of tasks to apply innovative methods
to assess the speciation, toxicity, and natural (intrinsic) processes that are occurring in the lagoon
and wetlands sediments. Each task will be a study representing a focused disciplinary topic, from
which specific data or information will be used to complement other studies with an overall
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accomplishment of project objectives. The individual tasks to be conducted for the Seaplane
Lagoon and for the West Beach Landfill Wetlands are presented in flow chart format in Figure 3-1
and Figure 3-2, respectively. The objectives of the tasks to be conducted are discussed in the
sections below. The sampling strategy is discussed in Section 4, and the specific methods and
analyses to be used are described in Section 5.

3.3 PHYSICAL CHARACTERIZATION OF SEDIMENTS

The stratigraphy of the lagoon sediments. Bay Mud, and Merritt Sands will be investigated during
the initial task, and properties of the sediment layer will be measured in a later task (see Transport
Processes). PRC has previously determined the particle size fractions of sediment and the depth
and diversity of benthic organisms in the lagoon. These data will be compared to BERC data for
specific locations and samples to assess the representativeness of the BERC data. BERC
understands that PRC will be collecting sediment samples from corings in the Seaplane Lagoon,
and PRC will have these samples analyzed to assess the lateral and vertical distribution and bulk
(or total) concentrations of metals and selected organic constituents. PRC will also be collecting
surface soil samples and water samples in selected areas of the wetlands area to supplement data
from earlier PRC investigations.

Acoustic imaging on transects across the Seaplane Lagoon will be conducted to measure the depth
to sediment and the depth of sedimented material overlying Bay Mud in the lagoon. This
information is important for evaluating the mass of sediment requiring treatment should an invasive
or in situ remedial alternativebe considered. It is also expected that this technique will provide
informationon the depth of Bay Mud and the depth to the Men-ittSands under the lagoon. These
data will also be used to assess the presence of bay mud as a barrier to water exchange between the
lagoon sediments and Merritt Sands formation, and guide the conduct of the Transport Processes
task. The preliminary results of the acoustic imaging study will be shared to assist in PRC's deeper
boring program.

'_, Acoustic imaging will also be conducted along the western and southern edges of the seawall
around the wetlands to determine the respective depths to sediment, Bay Mud, and the Merritt
Sands in this area, and the geometries of materials in the saturated zone beneath the seawall. This
information is important for evaluations of water transport into the wetlands under current
conditions and for possible remediation scenarios.

3.4 CHEMICAL CHARACTERIZATION OF SEDIMENT ANDPORE WATER

Ecological exposure evaluations typically consider the contact of benthic organisms with both pore
water and sediment. The two media are usually considered to be in equilibrium. This task will
characterize the chemical constituents present in the pore water and the sediments and utilize
geochemical models to better understand the potential for chemical changes in pore water chemistry
and toxicity. Several studies using sediment cores from the lagoon and from the perennially
ponded areas of the wetlands will investigate the chemical speciation and equilibrium of metals in
the pore water and sediment. This information is important for understanding the mobility of
metals in the sediments, their potential for toxicity, and how these constituents will behave in
remedial actions involving sediment management (that is, excavation and land disposal, in situ or
ex situ treatment, etc.). Analysis of organic constituents in sediments will be performed as part of
the intrinsic transformation table.

In one set of studies, soil cores from approximately 50 cm depth will be analyzed to characterize
the constituents present in pore water and in sediment solids. (For this study, chemicals dissolved
in pore water will be operationally defined as those chemicals in water that pass through a 0.45
micron filter.) The pore water for these studies will be collected with a device that squeezes pore
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water from discrete layers of the sediment core. The pore water samples from each depth segment
will be analyzed for the following constituents:

• Anions: chloride, fluoride, nitrite, nitrate,
sulfate, and phosphate

• Trace metals: cadmium, copper, chromium,
mercury, nickel, lead, and zinc

• Major elements: aluminum, calcium, iron, sodium,
magnesium, manganese, silica, and sulfur

In a more shallow sediment interval of 10 to 20 cm, the redox chemistry of pore water in a soil
core will be analyzed in situ using a microelectrode system. Dissolved iron, manganese, oxygen,
and sulfide w_ll be measured. These data will provide an accurate description of the pore water
chemistry within narrow intervals in the near surface sediment zone where benthic organisms are
present and the immediate exposure pathways are located, and where oxidation reactions transform
organic and inorganic chemicals. These data also will be used in geochemical computer models to
simulate the behavior of metals constituents in the pore water/sediment systems in the lagoon and
saturated areas of the wetlands, and how the dissolved metal concentrations may change under
natural and "disturbed" sediment conditions.

The sediment samples from several depths in the 50 cm core will be analyzed to determine changes
in trace metal composition and mineralogy with sample depth. Sediment metals concentrations and
mineralogy wilI first be measured to evaluate any major changes in sediment composition as a
function of depth. The metals concentrations will be compared with the more extensive metals
database compiled by PRC to identify the samples that are representative of sediment conditions in
the lagoon. For samples judged representative of anoxic and oxic environments, the speciation of
cadmium, copper, chromium, nickel, lead and zinc on sediment solids will then be determined
using x-ray absorption spectroscopy to determine their oxidation state(s) and presence of the metals
as the sulfide, oxide, or other solid phase states.

3.5 TOXICITY OF PORE WATER AND AT SEDIMENT_ATER INTERFACE

As noted above, the interstitial (pore) water present in sediments is considered a major exposure
pathway for benthic organisms, with the chemicals distributed among sediment, pore water, and
organisms. This task will evaluate the toxicity of the pore water, and subsequently toxicity
identification evaluation (TIE) will be performed to assign the chemical(s) responsible for the
measured toxicity. The toxicity to the selected organisms will also be evaluated at the
sediment/surface water interface to assess the role of sediments in possible toxicological effects.

Toxicity tests will be run on sediment pore water samples from the lagoon and from the wetlands
sediments using a developmental (growth) test and a survival test. The growth test will be an
echinoderm 72-hour embryo development test. The survival test will be a amphipod 10-day
survival test. The tests will follow published procedures which are described in more detail in
Section 5 and in the Sampling Analysis Plan (SAP).

Pore water samples showing toxicity will be analyzed by TIE procedures to identify the chemicals
responsible for the observed toxicity. Because the pore water may contain a number of dissolved
inorganic/metal and organic chemicals, a series of chemical separations on pore waters will be
conducted with toxicity tests run on the water fractions. These separations and analyses will
initially identify inorganic constituents, including naturally occurring species such as ammonia and
sulfides, and then proceed to organic constituents as testing indicates toxicity still persists. The TIE
procedures will follow published methods and are also described in Section 5 and in the SAP.
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Following these assessments of pore water toxicity, the toxicity at the water/surface sediment
interface to the same organisms will be tested using surface sediment cores from the lagoon. These
tests will then allow an evaluation of whether exposure to toxic constituents in lagoon sediments
occurs through exposure to pore water or by sediment contact. The toxicity of surface sediments in
the wetlands will not be tested because the chemical composition of the wetlands sediments is not
characterized sufficiently to warrant both pore water and sediment/water interface studies.

The toxicity of core segments from deeper in the lagoon sediment profile will also be tested using
the sediment/water toxicity system above. These data are important for assessing the intrinsic
toxicity of the resulting "new" sediment surface should the overlying sediment be excavated as part
of a remediation alternative or to improve the recreational use of the lagoon. As discussed in
Section 5.7.2, the toxicity to the same organisms will also be tested using a simulated disturbance
scenario as would occur during the aeration and mixing of sediments during excavation of lagoon
sedments.

3.6 BIOAVAILABILITY EVALUATION

The bioavailability of organic constituents is a major concern tbr toxicity to aquatic species as well
as for potential bioaccumulation in the ecological and the human food chain. There is, at present,
no established test for directly measuring the bioavailability and uptake of chemicals from soils or
sediment. Determining bioavailability is complicated because the uptake process involves the rates
at which the chemicals are extracted from the sediment/soil and the equilibrium concentrations of
the chemical among sediment, water, and organisms. For this characterization study, the
bioavailability of chemicals in sediment will be assessed using two approaches. One approach will
use an EPA test in which a clam commonly found in San Francisco Bay will be exposed to site
sediment for 28-days and the clam tissue will be analyzed for selected organic constituents.
A second approach will use an innovative method where digestive juices from a marine worm will
be mixed with site sediments, and the concentrations of organic constituents (PCBs, DDT, and
PAHs) present in the extracts will be measured. Previous work has shown that this method has
significant merits because it mimics actual sediment/digestive fluid interactions that cannot be
included using synthetic extraction fluids or with the kinetic limitations of chemical desorption and
uptake by selected organisms. Because the data will be collected in the context of a screening
program to demonstrate the use of the bioavailability test, there are no criteria for comparing these
results with regulatory guidelines. However, the data will be used with other data collected by the
Co-Principal Investigator in previous studies to better establish the method as a meaningful
approach to measuring bioavailability of chemicals in sediments.

For use in the modeling of sediments and complementary to the toxicity/TIE efforts above,
equilibrium partitioningof organic chemicals between the sediment particulateand pore water will
be evaluated for use in the sediment modeling program. This evaluation of equilibrium will not
require specific laboratory studies, but will use measured environmental parameters and chemical
uncertainties in the property data from the scientific literature to estimate the magnitude and
uncertainties in the partitioning process.

3.7 TRANSPORTPROCESSESASSESSMENT
Understanding of water exchange between water-bearing zones and the associated chemical
transport processes is critical to estimate exposure pathways and the ultimate fate of chemicals in
the lagoon and wetlands ecosystems. Data for sediment properties in the lagoon are also important
for evaluating the potential for future consolidation of lagoon sediment under natural or remediation
conditions (such as capping). BERC will use both empirical measurements and simple analytical
models that use location-specific parameters. The data for evaluating chemical transport in
sediments will be obtained from measurements on sediment cores. Samples from sediment and
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Bay Mud strata in the lagoon will be collected to a depth of 9 feet below the sediment surface. This
sampling strategy may be changed if acoustic imaging shows that these strata are more shallow.

The lead-210 isotope profile will be used to assess the deposition time periods and patterns of
sediment strata in the lagoon. This radioisotope is an eventual decay product of naturally-occuring
radium and is deposited from atmospheric sources; other isotopes may also be used if the lead-210
data show that radium-containing materials (possibly from paint or luminescent dials) are present
in the lagoon or wetlands areas (see Section 5). With a relatively short half-life, the lead-210
isotope is useful for estimating the time period when the sediment was deposited. These data will
be used with the PCB congener and PAH distribution data (see below) to evaluate the
transformation rates of chemicals in the s_.dimentstrata and the deposition periods when metals
were released through storm drains into the Seaplane Lagoon. A lead-210 isotope profile will not
be established for the Wetlands sediments because sediment deposition is not considered to be an
important source of chemicals in this area.

The potential for water transport through lagoon sediments will be evaluated by measurements of
sediment properties. Specifically, the sediment density, porosity, and compressibility will be
measured for at least three intervals in sediment cores; the compressibility data will be used to
estimate the hydraulic conductivity in the sedimentintervals. The acoustic imaging results will also
be used to evaluate water interchange between the Merritt Sands and lagoon sediments. If
communication between the two stratigraphic zones is evident, piezometers may be installed in the
lagoon in a second phase to better evaluate hydraulic gradients in the sediment. These data will be
used to calculate the potential for an upward gradient into the lagoon. These data will also be used
to assess water and chemical transport in the lagoon sediments.

Evaluation of water movement and exchange in the West Beach Landfill, the adjoining wetlands,
and the bay has been historically uncertain because of the expected heterogeneous character of the
fill and the possible localized, but highly transmissive,discontinuities in the seawall and levees that
define these areas. The possibility of chemical transport from the landfalland wetlands will be
assessed in several focused studies. In the first study, three piezometers will be installed between
the landfill and the wetlands, and the potential effect of tidal influence monitored by performing
slug tests and by comparing water levels in the landfill piezometers with data from monitoring
wells in the surrounding area during a maximum tide cycle. Shallow piezometerscan be installed to
determine whether the tidal fluctuations in the bay cause direct communication with the landf'dl
sediments, resulting in movement of landfill chemicals into the bay with tidal flow. This study,
along with the study proposed below, is also critical for understanding movement of chemicals
with water flow from the landfill into the wetlands.

BERC understands that PRC has installed monitoring wells between the wetland areas and the
landfill, and that pumping tests have been conducted in other wells to assess hydraulic properties
of the fill that has been placed in the area. However, such response tests may not be sensitive to
locally very transmissive zones where gaps in the seawall or aquitard exist; BERC also
understands that pump tests are not planned for the seawall and the raised area between the
wetlands and bay along the western and southern sections of the seawall. BERC proposes an
empirical approach to evaluate the potential connection between the bay and wetlands during a high
tide period by installing several gauges in ponded waters, and observing water levels m
piezometers and existing monitoring wells in the wetlands area. This study will then provide a
practical assessment of the current integrity of the seawall and underlying Bay Mud (as an aquitard)
system as a barrier for chemical migration out of the wetlands.

3,8 INTRINSIC TRANSFORMATION PROCESSES

The biological transformation of PAHs and PCBs in lagoon sediments and wetlands sediments will
be evaluated in this task. The proposed studies recognize that some weathering of PAHs and PCBs
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likely has occurred, but that the PAHs and PCBs previously found in site investigations may still
be of ecological concern, requiring an evaluation of persistence of the remaining chemicals.
Additionally, this task will also assess the potential/rate for methane generation in lagoon
sediments, which is required information for design of the sediment capping alternative.

Initial efforts in this task will be an evaluation of the scientific literature to determine the expected
range of transformation rates for these chemicals under the conditions found in the sediment strata
and wetlands sediments. This information will be critically reviewed, summarized, and presented
to the Navy for planning purposes.

Complementary to the informat!on from the literaturereview, sediment samples from the lagoon
and wetlands will be analyzed for transformationproducts and depth patterns that can be used to
estimate transformation rates. One approach will be to compare the carbon isotope ratios for
methane and for carbon dioxide collected from sediment with the same isotope ratios for the bulk
organic material in the sediments. A decreased contribution from _4Cin these metabolic products
would be evidence that the methane is derived from petroleum (fossil) materials and that intrinsic
remediation of the petroleum constituents is occurring.

The PCB and PAH constituent fingerprint patterns in sediment samples will also be measured to
assess any losses in the more reactive constituents of these mixtures. For example, the less
chlorinated PCBs are known to be preferentially reactive in oxidizing environments, and the more
highly chlorinated PCBs are reduced (or dechlorinated) in anaerobic systems. The PAHs with
fewer rings are expected to be more readily oxidized than the higher ring PAHs. These data, along
with the lead 210-based estimatesof the depositionperiod of the corresponding sample depth, can
then be used to estimate the rates at which PCBs and PAHs are being transformed in the sediment
strata.

Laboratory studies also will be conducted under simulated in situ conditions to measure the
methane generation from lagoon sediment cores. The presence of methane indicates
methanogenesis is occurring by metabolism of anthropogenic or natural organics associated with
Bay Mud and sediments; the potential generationof methane is of interest particularly for remedial
alternatives such as capping of sediments in the Seaplane Lagoon.

If literature information and the physical characterizationof the site locations indicate that PAHs
and PCBs are expected to be transformed in site soils or sediments, the disappearance of PAHs
and PCBs from anaerobic sediment core material will be monitored over a 6-month period. In a
complementary effort, studies will be initiated using _4Cisotope labeled PAHs in continually mixed
systems to assess the influence of environmental variables, such as oxygen and other natural
oxidation promoters (nitrate, sulfate), and on the transformation rates of selected PAHs. The
incorporation of the J4Clabel into products and sediment organic matter will also be evaluated as
discrete loss processes for the PAHs.

If the literature review and PCB congener analysis data show that PCBs are undergoing
transformation, PCBs will be added to the sediments in the above laboratory experiment and the
resulting loss of congeners will be measured over a 6-month period. These studies will also
include field experiments to evaluate the potential for vegetation to promote the transformation
reactions in site soils. As discussed in the introductory text for this section, the approach proposed
for these transformation studies is planned to provide empirical data on the loss rates of these
chemicals of concern that are immediately useful in future site planning or remediation at NAS
Alameda.
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3.9 PROCESSESINDISTURBEDSEDIMENTSYSTEMS

The dredging of the lagoon ",alsois a potential remedial alternative for lagoon sediments, and a
likely future construction activity for use of the lagoon as a recreational facility. Such removal
actions will expose the sediments to oxidative processes not present in sediments below the top
few centimeters of surface materials. Oxidized sediments are therefore expected to show a
significantly different speciation of metals and toxicity.

One study will evaluate the leaching of metal constituents from sediment core samples using
aeratedwater samples. Toxicity studies will also be conducted on artificiallyaerated sediments to
evaluate the resulting toxicity in a disturbedsediment system and compared with the toxicity of the
undisturbed sediment.

V
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4.0 SAMPLING APPROACH
_' As discussed in Section 2, the Seaplane Lagoon and West Beach Landfill Wetlands have different

topographies and histories of chemical releases; therefore, separate sampling strategies are required
to obtain representative samples. The sampling strategies discussed below are designed to meet one
or both of the following criteria: (1) collect samples from locations where the highest
concentrations of chemicals of interest are present for chemical characterization, toxicity testing,
and transformation studies, and (2) collect samples from locations that represent different
environmental settings where transformation processes and migration pathways will be different
and represent the range of conditions at the sites.

BERC studieswill be conducted on samples collected from areas of the lagoon and wetlands that
previous studies have shown the highest chemical concentrations, and thus are the more
problematic for demonstrating intrinsic processes. Some of the studies will use innovative
approaches that will use the expertise and unique facilities of the BERC investigators. Given that
innovative methods have more uncertaintiesthan data from more routine methods, it is important
that some complementary information also be collected for some samples and methods to better
define the sample character, behavior, and consistency among methods. This information then
assists in defining the quality of the measurement in terms of the accuracy of the data and what the
measurement represents.

The limited sampling locations are not intended to provide data on the nature and extent of
chemicals present in the lagoon or wetlands. However, some information collected in the BERC
studies is expected to be useful for extrapolation of the data to other locations at sites.
Extrapolations of data will be accomplished by collaboration of the BERC investigators and the
users of the study results at PRC and the Navy, and within the context of the uncertainties in the
extrapolation of the data. Establishing accurate depth profiles of chemical distribution, chemical

_, speciation, sediment toxicity, and deposition history requires that sediment cores be collected with
minimum disturbance. For example, surface grab samples will be appropriate in evaluating surface
sediment toxicity and bioavailability of chemicals. For deeper core samples where some surface
disturbance is acceptable and larger volumes of sediment are required, a 4-inch gravity core
sampler may be used. For other studies, such as chemical speciation of surface sediment pore
waters, a more controllable and less disturbing "push" coring device will be used.

As part of the initial field sampling effort at each site, a few sediment corings will be collected and
examined in the field prior to collection of the sediment cores that will be used in the individual
laboratory studies. The Principal Investigator and Contract Quality Control Program Manager
(CQCPM) will lead this initial field meeting and, with the Co-Principal Investigators, confirm that
the cores are representative of expected site conditions and suitable for the proposed studies. For
example, if the sediment column appears homogeneous, then segments from the core should be
representative of the entire core for all studies. However, if the core shows a variegated
appearance, then core segments may be chosen to provide "worse" case results in the planned tests
and measurements. The Navy Remedial Project Manager (RPM) will also be requested to attend
this initial field meeting so that any newly recognized uncertainties can be discussed and
appropriate changes in the Work Plan can be agreed on before the laboratory studies begin.

4.1 SEAPLANELAGOON

The lagoonlocationsto be sampledareall submergedatlow tide; therefore,abarge or boat will be
requiredfor sampling.The majordischarges to the Seaplane Lagoon areknown to have occurred
from the storm drains in the 1970s, and the sedimentsfrom this time period have subsequently
been covered by more recentsediment deposition. The limited available data indicate that the
sedimentsnear the storm drainoutfalls containthe higher concentrationsof metals, PCBs and
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PAHs. These data indicatethat the chemical concentrationsdecreasewith distance fromthe outfall.
For the BERC studies, the areas near each of two sets of outfalls G/H and F/R will be considered
to have the highest chemical concentrations in sediment. These two sets of outfalls correspond to
sampling locations $3 and $4, respectively, in PRC's 1993 investigations; the depths from water V
surface to sediment surface were reported to be approximately 2.4 m and 4.3 m, respectively, at
these locations. Toxicity and bioaccumulation studies will also collect samples from the center of
the lagoon where less contaminated sediment is expected to be present. Some studies will also
collect samples from the center of the lagoon where less contaminatedsediment is expected to be
present. Sampling tasks and the sediment collection program for the Seaplane Lagoon are
summarized in the SAP.

The sediment core samples from the lagoon will be collected by a subcontractor with extensive
experience sampling in San Francisco Bay. The intact core in a polymer sleeve (polycarbonate or
acrylic) from the corer will be capped and transported to the dock immediately after collection. At
the dock, the intact core will be transfer.ed to the respective study group for cooling, preservation,
and transport back to their laboratory. The depth of sediments in the lagoon are not known. For
planning purposes, it has been assumed that the sediment depths are at least 3 m. The actual
sediment depth will be determined by acoustic imaging, and any changes in the sampling depth will
be evaluated and decided during the initial field meeting.

The procedure for collecting intact sediment cores will be tested during the initial sampling effort.
The sediment core will be examined by the Principal Investigator and Co-Principal Investigators to
examine lithology and reevaluate sampling and core segmenting strategy. In particular, the
consistency of the sediment profile is not known, and may range from what has been described as
a "black mayonnaise" material to a soil material that may have been used as fill in other parts of
NAS Alameda. With concurrence of CQCPM and Navy RPM, the Principal Investigator may
revise the sampling strategy or modify the sampling procedure to meet data quality objectives. If
the sediment depth is sufficiently shallow such that the coring device can be pushed or driven into
Bay Mud, a plug of mud in the bottom of the coring tube may allow the core to be readily
retrieved. Sampling and testing of the Bay Mud strata is not planned. These procedures and other
issues will be discussed and resolved during the initial field sampling effort, with a field variance
documenting the changes in the sampling procedures.

4.2 WEST BEACHLANDFILLWETLANDS

Because of the site topography and seasonal and tidal inundation cycles, the West Beach Landfill
Wetlands has a large diversity of microenvironments that may be studied. The sampling strategy
will address only two types of environments - perennially saturated ponds and an upland vadose
zone location. Based on previous investigation of the nature and extent of chemicals present at the
site, concentrations of organic chemicals in soils or sediments are typically lower than 1 ppm, and
it is probable that chemicals present in the wetlands area have been deposited from overland
waterborne-soil erosion and by local windblown soil deposition from the adjoining landfill. Some
chemicals, particularly PAHs, may also have been present on fill placed in this area.

Sediment cores from the wetland areas will be collected by persons with suitable training and field
experience who are supervised by the Co-Principal Investigators. Sediment core samples will be
collected from areas that are perennially saturated and apparently represent the ponded water table
at the ground surface. Soil samples from an upland area will be sampled to a depth of 0.5m for
microbial transformation studies. Additionally, soil gas samples will be collected from wetlands
locations believed to be downgradient from the landfill to provide evidence of migration of
transformation products in water from the landfill. The actual locations to be sampled will be
selected during the initial field sampling visit depending on site conditions and access, and will be
agreed upon by Principal Investigator, Navy RPM, and CQCPM. The sampling tasks and the
sediment/soil sampling program are summarized in the SAP.
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5.0 METHODS AND ANALYSES
This section describesthe methods to be used andthe datathatwill be collectedin the treatability
studies.The methodsrecognize thatsamplepreservation,handling,andpreparationfor analyses of
constituentsare criticalelementsof obtaining qualitydata;details for methods arepresentedin the
Sampling and Analysis Plan (SAP) (Appendix-B). Informationfor each method and analysis is
described in three sections:

• Method describes the procedure and the analyses that will be performed, how the data are to be
used in :he project, and how the data or results will be reported.

• The Scope of the Method provides a brief description of the background related to the scientific
rationale for the selectionof the procedures and analyses and the lirrfitationsof the data to be
obtaine.l such that the reader can better understandthe use of the dat ,.

• The Status of the Method provides a brief discussion of the history of the analysis related to the
precedents and innovativenature of the method, along with pertinent literature references.

To facilitate integration of data and comparison of results, measurements using the various
methods will be conducted on sediment core segments from similar depths whenever applicable.
The segment will be cut from the cylindrical core in the individual laboratory under specifications
dictated by the method to be performed (that is, maintaining anaerobic conditions and collecting
various lengths of core depending on sediment volume required). Typically, segments will be
collected at 1 m and 2 m depths. The depth of segments or frequency of segments sampled is stated
below for each method, and summarized in the SAP. The measurements and tests to be conducted
for the Seaplane Lagoon (Site 17) and for the West Beach Landfill Wetlands (Site 2) are
summarized in Tables 5-1 and 5-2, respectively, and a morecomplete description of the methods to
be used follows. In the context of data use objectives, Table 5-3 summarizes the task and SOP
number, the measurements to be conducted, and the intended or potential use of the data in the
decison-making process at NAS Alameda.

To increase data quality, parameters of interest will be measured on core segments from more
frequent intervals whenever possible and as dictated by project budget and factors such as
sample/core holding times, the expected variation in properties with depth, and the availability of
core sample (see Tables 5-1 and 5-2). Although it is recognized that lateral variation of the
sediment composition does occur in sediment, testing of core samples from a lateral array for data
replication is not included in the current plan.

5.1 PHYSICAL CHARACTERIZATION OF SEDIMENT

Knowledge of the physical setting of the lagoon and the landfill wetlands is critical for planning
investigations to define the nature and extent of chemicals in these environments and for assessing
remediation alternatives and their effectiveness. This information is also important for assessing the
representativeness of the sediment samples collected in the past and proposed investigations. The
acoustic imaging task described below is an important element as part of the intrinsic remediation
and site characterization studies to be conducted by BERC; the results of the task will also be
valuable to PRC for interpreting the results of their planned sediment boring and analysis program
in the Seaplane Lagoon.

5.1.1 Acoustic Imaging
Method. This task will use Very High Resolution (VHR) acoustic profiling to describe the
stratigraphy of the sediment, Bay Mud, and Merritt Sand zones underlying the Seaplane Lagoon.
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The same technique will be used to evaluate the stratigraphy and features underlying the seawall
along the western and southern edges of the West Beach Landfill Wetlands.

The results of the acoustic imaging will map the depth of sediments in the lagoon, determine the
continuity of the major water bearing zones at both sites, and begin hydrologic connections
between the landfill and San Francisco Bay.

Scope of the Method. VHR is useful for determining the lateral continuity of sediment horizons
and for detecting sediment anomalies including buried and near-surface channels, shoals, scours,
and filled areas. The complex physical, biological, and chemical stratification of NAS Alameda
sediments makes the spatial characterization of Lheseproperties challenging. The maximum
recording depth of the VHR system to be used is about 300 feet and the majority of VHR records
reach depths of 40 to 50 feet. This allows visualizationof the Holocene section in San Francisco
Bay, and enables recording of most or all of the Holocene section in most marine and estuarine
settings.

Acoustic reflection imaging can provide excellent subbottom images in shallow-water
environments. However, the sensitivity of acoustic reflection imaging techniques to the presence of
gas in sediment is a crucial variable in the applications and outcome of this study. Gas pockets
produce a bright reflection on acoustic images, and provides a means of detecting sites of
methanogenesis in shallow-water estuarine environments. Where substrates have been disturbed
by large-scale erosional, mixing, or dredging processes, the continuity of the methoanogenic layer
is disrupted. Methanogenic processes are also strongly associated with native peat substrates. The
geometry of gas-reflectiveelements can thus be useful for interpretationof the substrate types and
their chemistry., biota, and history. Conversely, gas-charged sediments inhibit the imaging of
deeper substates. Deeper substrate geometries, i.e. ancient erosional surfaces and riverine deposits,
marine depositional and erosional features, and deep dredge and fill features, can be masked by the
sediment gas. These deeper features may only be locally and discontinuosly imaged if sediment gas
is pervasive at NAS Alameda. Previous experience also indicates that dredging and marine
erosional processes tend to remove gas-charged sediments and provide "windows" through which
deeper strata are imaged.

The imaging techniques to be used in this task have been field proven in previous studies of the
essentially continuous young sedimentary section of San Francisco Bay. This field program has
demonstrated a capability for VHR seismic reflection profiling in the detection, characterization,
and interpretation of structural and sedimentary features in marine, lake, and river environments.

Status of the Method. The method has been successfully used by the CoPrincipal Investigator and
USGS at locations in the Bay. Most recently, the Co-Principal Investigator used the method in an
area from Yerba Buena Island to the Bay Bridge Toll Plaza (Williams, 1995).

References.
Williams, P.L. 1995. Seismic Stratography and Bedrock Depth, Eastern Span, San Francisco -
Oakland Bay Bridge. Caltrans Bridge Project Report.

5.2 CHEMICAL CHARACTERIZATIONOF POREWATER ANDSEDIMENT

The tasks to characterize the inorganic chemistry of the sediments utilize several innovative
techniques which provide an understanding of the toxicity of current constituents. This
characterization will provide a framework for evaluating changes in sediment chemistry
composition and resulting toxicity should the sedimentsbe disturbed by remediation or recreational
activities. Standard analyses for organic and inorganic constituents will be performed by PRC in a
separate program. These results will be compared to the results of the BERC tasks as appropriate.
Measurements of properties used for evaluating chemical transport are conducted as part of the
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Transport Processes task (see Sec. 5.5). Analyses for specific PAH and PCB constituents will be
performed as part of the Intrinsic Transformation Processes task (see Sec. 5.6).

5.2.1 Microelectrode Measurements in Sediment Core Pore Waters
Method. This task will assess the redox environment and concentrations of selected electron
acceptors as a function of depth in a sediment core. This information will provide an understanding
of the changes in pore water chemistry as a function of depth within the top 10 to 20 cm of
sediment cores. Several sediment cores from one location in the Seaplane Lagoon and from a
ponded area of the West Beach Landfill Wetlands will be analyzed using this method. This
information is critical for understanding 'he toxicity and chemical and biological transformation of
chemicals in these surface sediments. In order to determine the redox environment and
concentrations of specific electron acceptors within this top 10 to 20 cm core of the sediment, a
gold amalgam voltammetric microelectrode will be moved through the sediment column at
progressively increasing depths to det_maine the dissolved Fe(II), Mn(II), 02, and total S(II)
concentrations in pore waters. Similarly, pore water pH measurements will be made with a pH
microelectrode (Brendel and Luther, 1995).

Scope of the Method. The redox microelectrode is limited to the analysis of dissolved Fe(II),
Mn(II), 02, and total S(II) in the pore waters in an undisturbed intact sediment column (Brendel
and Luther, 1995). The microelectrode has the powerful advantage of making electrochemical
measurements as a function of depth at the millimeter scale. This scale is critical because the redox
chemistry is expected to change dramatically within the first few centimeters below the
sediment/water interface. While pore water samples will be extracted and analyzed over a deeper
sediment core (see 5.2.2), an artifact of the pore water sampler is that pore water samples are
averaged over discrete intervals (approximately 2-5 cm) and will not provide the depth resolution
needed for the very shallow sediments. The accuracy of these analyses is contingent upon
preserving the in situ redox environment of sediments during sampling and analysis (see SAP).

Status of the Method. The use of the redox microelectrode is a new technology and will require
measurements on several cores to establish operating conditions. Although the use of the
microelectrode will define pore water chemistry on a finer scale than traditional measures, the data
from these experiments will be usefully compared to the pore water analyses described in 5.2.2 to
assess the general accuracy of the microelectrode measurements (Brendel and Luther, 1995).

References.
Brendel P. J. and Luther, G. W. III (1995) Development of a Gold Amalgam Voltammetric

Microelectrode for the Determination of Dissolved Fe, Mn, 02, and S(-II) in Pore Waters of
Marine and Freshwater Sediments. Environmental Science and Technology, 29, 751-761.

5.2.2 Pore Water Constituent Measurements
Method. Standard chemical analysis methods will be used to measure the concentrations of major
anions and major and trace metals in pore water from core segments over a 50 cm total depth. A
pressurized pore water sampler will be used to sample pore waters from sediment intervals of
approximately 2 to 5 cm, where water samples are squeezed from discrete segment layers of the
sample core (Jahnke, 1988). The chemical analyses to be performed on the pore water samples are
as follows: major anions (C1-t, F, NO.,t, NO3_, SOt" and PO43), total dissolved major elements
(AI, Ca, Fe, Na, Mg, Mn, and S), and total dissolved trace elements (Cd, Cu, Cr, Hg, Ni, Pb,
Zn. All units will be expressed in _tg/L.

Scope of the Method. The pore waters from depth intervals over 50 cm will be analyzed for the
constituents listed above because concentrations of the metal contaminants in the sediments are

,_ reported to be significantly higher at depth. Because of the design of the squeezer, pore water

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
Work Plan, Draft Final 5-3 February 1997



samples are averaged over discrete sediment intervals (approximately 2 to 5 cm). This technique
cannot provide the depth resolution available using the microelectrode to analyze shallower
sediment intervals. However, the squeezer sampler provides a sufficient volume of water to
analyze a more complete list of chemical constituentsthan is available from the microelectrode. The
analysis will be conducted using ion chromotography, inductively coupled plastma (ICP), mass
spectrometry (MS) and ICP-atomic emission spectrometry (AES). The accuracy and
representativeness of these analyses are contingent upon preserving the in-situ redox environment
of sediments during sampling and analysis (see SAP).

Status of the Method. The pore water sampler will be similar to that designed by the Jahnke
research group. Use of the pore water sampler has precedent in scientific literature. Analyses will
be performed using standard methods described in the SAP.

Reference.
Jahnke, R. A. (1988) A Simple, Reliable, and Inexpensive Pore Water Sample. _imol. Oceanogr.

33, 483-487.

5.2.3 Sediment Bulk Mineralogical and Chemical Analyses
Method. The bulkmineralandbulkchemicalcompositionof the sedimentwill be determinedat 20
cm intervals in a 2 m Seaplane Lagoon sediment core and in a 1 m core from the Landfill
Westlandsto ascertainany majorchangesin the sedimentsas a functionof depth. These data will
providethe link between the pore water chemistryand the sedimentmetal speciation, because they
will profile metals concentrationsandbulk mineralogy as function of depth. These datawill be
used to select samples of lagoon cores that are most representativeof sediment composition for
sediment speciation analyses(see Section5.2.4). Additionally,the datawill provide an archive of
defined samples, if additionalanalysesare needed.Totalsedimentcompositionwill be presented in
concentrationunits. A list of the mineralphases identifiedin the sedimentswill be presentedfor
each sample segment. _lr

Scope of the Method. Bulk mineral composition will be determinedby xray diffractometry (XRD).
This technique identifies crystalline phases that comprise at least 2 percent by weight of the
sediment. It is important to identify the mineral phases present because metals are known to be
preferentially removed from water by sorbing or forming precipitates to specific minerals in the
sediments. This information provides the baseline for initial analysis of the x-ray absorption
spectroscopy (XAS) data (5.2.4). For example, if the sediment contains sulfides (pyrite) and
expandable clays, the studies will be focused on evidence in the complex spectra for metal-sulfur,
metal-oxygen, metal-iron, metal-silica, and metal-aluminumbonding and structures.

The bulk chemical composition will be determined by inductively-coupled plasma and atomic
emission spectrometry (ICP-AES). In addition to determining the concentration of metal
contaminants present, total bulk chemistry also provides information on the presence of amorphous
phases which have a strong capacity to remove metals from the solutionand can not be detected by
XRD.

Status of the Me.tho0..Total sediment composition and bulk mineralogy determinations are routine
techniques (see SAP).

5.2.4 Sediment Metal Speciation Analysis
Method. The redox status and speciationof Cd, Cu, Cr, Ni, Pb, and Zn in the sediment solid
phase will be determinedusing synchrotron-basedx-ray absorption spectroscopy (XAS). The
metal speciation in the sediments is determinedby its oxidationstate and its coordination and
bondingto other chemical constituentsin the sediment (sulfide, carbonates, metaloxides, organic
ligands, etc.). This information is required to determine the chemical reactions that control metal ,_,
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distribution between the sediments and pore waters. It is also possible that the metals may exist as
zero-metals from past disposal from the electroplating waste or as paint chips from past operations.

Based on the bulk sediment analyses, samples representative of anoxic and oxic environments will
be analyzed by XAS for the Seaplane Lagoon. XAS analysis will also be conducted on West
Beach Landfill Wetlands sediments and sediments used in the leaching experiments (see Section
5.7) if the concentration of metals are above the detection limit. Sample selection will be based on
contaminant metals concentrations, bulk sediment concentrations, and bulk mineralogy to analyze
samples that are both representative of the sediments and amenable to XAS analysis. For these
samples, the results will identify the atomic structure of the contaminant including metal oxidation
state and the phase in which the metal is chemically bonded.

Scope of the Method. Although this technique can be applied to sediments in contact with pore
waters, f'_rthis project studies will be conducted on dry sediments because these analyses will be
conducted at the Stanford Synchrotron Radiation Laboratory over time periods which may not
correspond to sampling and obtaining recent core samples. Inasmuch as more than 99 percent of
the total metals are estimated to be associated with sediments and not the aqueous phase, artifacts
of analyzing dry sediments should be minimal (see SAP for description of sediment preservation).

As examples of speciation, metals sorbed to iron or manganese hydroxides or clay minerals in the
upper oxic sediments may be dissolved from these mineral surfaces and released to the overlying
water column. In the deeper anoxic sediment, the metals may be less available as insoluble metal
sulfides. In this scenario, the metals must remain in an anoxic environment to be immobilized. It
implies that in an oxic environment, the sulfide solids will dissolve and that some fraction of the
metals will be sorbed to other mineral surfaces and some fraction will be leached into the
overlying waters.

Operational detection limits for this technique vary between 50 ppm for Cd to 500 ppm for Pb,
_' reflecting spectral properties inherent to specific metals. The presence of large concentrations of

iron (> 20 wt. %) in the sediments also lowers signal statistics, hence lowering detection limits.
For the deeper sediments containing higher levels of metals (reportedly 1,000 to 3,000 ppm), the
detection limits should not hinder the application of XAS. However, in the oxic sediments, the
metals concentrations of interest are near the detection limits of this technique. At the very
minimum, the analyses will be able to determine the oxidation state in the oxic sediments, i.e.
Cr(III) vs. Cr(VI).

Signal statistics will be optimized by increasing the number of scans, collecting data at cryogenic
temperatures, diluting matrix interferences, and by using the best available detector technology.
Details of the expected range of values, reporting/detection limits, and possible interferences of the
specific analytical techniques are discussed in the SAP.

Status of the Method. XAS is one of the few techniques that can provide quantitative information
about the local molecular structure of environmentally important elements at mineral/solution
interfaces (Brown et. al., 1988; Brown 1990; Manceau and Charlet, 1992; O'Day et al., 1994a,b,
1995; Waychunas et. al., 1993).The XAS technique is still regarded as a research method, and for
this task the technique requires access to the special capabilities at the Stanford Synchrotron
Radiation Laboratory. The Co-Principal Investigator and co-workers (Carroll et. al., 199I, 1994,
1995) have demonstrated the feasibility of using this technique on metal ions in complicated acid
mine drainage sediments (see SAP).

References.
Brov,n, G.E., Jr., Calas, G., Waychunas, G.A., and Petiau, J, (1988) X-ray Absorption

Spectroscopy and its Applications in Mineralogy and Geochemistry. In: Spectroscopic
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Methods in Mineralogy and Geology, F. Hawthorne, ed., Reviews in Mineralogy 18,
Washington, DC: Mineral. Soc. Of Amer., pp. 431 -512.

Brown, G.E.. Jr. (1990) Spectroscopic Studies of Chemisorption Reaction Mechanisms at Oxide- III
water Interfaces. In: Mineral-Water Interface Geochemistry, M.F. Hochella, Jr. and A.F.
White, eds., Reviews in Mineralogy 23, Washington, DC: Mineral. Soc. Amer., 309-363.

Carroll, S.A. and Bruno, J., (1991). Mineral-solution Interaction in the U(VI)-CO2-H20 System.
Radiochimica Acta 52/53, 187-193.

Carroll, S., Phillips, B., O'Day, P., Waychunas, G., and Piechowski, M. (1994) Environmental
Applications of EXAFS: Zinc Structure in Acid Mine Drainage Sediments. GSA Abstracts
with Programs A-289.

Carroll S., O'Day, P., Waychunas, G., and r-'laillips,B., (1995) EXAFS of Heavy Metal
Coordination in Acid Mine Drainage.AmericanChemical Society GEOC 008.

Manceau, A. and Charlet, L. (1992) X-ray Absorption Spectroscopic Study of the Sorption of
Cr(II) at the Oxide-water Interface. I. Mol-cular Mechanism of Cr(III) Oxidation on Mn
Oxides. J. Colloid Interface Sci. 148,425-442.

O'Dav, P.A., Brown, G.E., Jr., and Parks, G.A. (1994a) X-ray Absorption Spectroscopy of
(_obalt(II) MultinuclearSurface Complexes and Surface Precipitates on Kaolinite. J. Colloid
hzterface Sci. 165,269-289.

O'Day, P.A., Brown, G.E., Jr., and Parks, G.A. (1994b) Molecular Structure and Binding Sites
of Cobalt(II) Surface Complexes on Kaolinite from X-ray Absorption Spectroscopy. Clays
Clay Miner. 42, 337-355.

O'Day, P.A., Carroll, S.A., Waychunas, G.A., and Phillips, B., (1995) XAS of Trace Element
Coordination in Natural Sediments at Ambient and Cryogenic Temperatures. Physica B. 208-
209, p.309-310.

Waychunas. G.A., Rea, B.A., Fuller, C.C., and Davis, J.A. (1993) Surface Chemistry of
Ferrihydrite: Part 1. EXAFS Studies of the Geometry of Coprecipitated and Adsorbed
Arsenate. Geochim. Cosmochim. Acta 57, 2251-2282.

5.2.5 Modeling of Metal Speciation in Pore Water
Method. Pore water chemistry will be simulatedusing the measuredsolutioncomposition data, the
models REACT (Bethke, 1994) and EQ3/EQ6 (Wolery, 1992), geochemical codes and the
SUPCRT92 thermodynamic database (Johnson et. al., 1992). This modeling effort will evaluate
the solid phases that thermodynamicallycontrol the distribution of metals betweenthe solids and
more mobile pore waters. These codes also allow for redoxdisequilibria and reaction path analyses.
Therefore, these models can also be used as a geochemical tool to estimate conditions resulting
from proposed remediation strategies. The results of modeling will be reported in terms of the
metal speciation and overall chemical saturation state as a function of redox potential and solution
pH.

Scope of the Method. These calculations are limited by the available thermodynamic and kinetic
data from literature. These data will be critically evaluated for their use in the project. These
uncertainties in the data will be considered in the interpretationof the results using sensitivity
analyses.

Status of the Method. REACT (Bethke 1994)and EQ3/EQ6 (Wolery 1992) are geochemical codes
in common use in the geochemicalcommunity. These codes include geochemicalequilibria, redox
disequilibria, sorption of metals at iron hydroxides, and simple reaction kinetics. The Co-Principal
Investigator for this effort at LLNL has experience with these models, and resources at LLNL
provide the capacity to augment the data set with newly determined thermodynamic and kinetic
values.
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5.3 PORE WATER AND SEDIMENT TOXICITY TESTS

This section discusses the series of toxicity tests and toxicity identificationevaluations (TIE) tests
that will be conducted on sediments L-om the Seaplane Lagoon and the West Beach Landfill
Wetlands. The tests will be conducted to evaluate developmentalabnormalities using echinoderm
embryos and survival using amphipods. The tests will be performed using pore waters from
surface sediments in the lagoon and from the Landfill Wetlands. The chemicals responsible for
toxicity in pore water will be determined by Toxicity Identification Evaluation (TIE) procedures.
Additionally, the toxicity at the interface of water and sediment will be tested for both surface
sediments and for deeper core sediment in the Seaplane Lagoon. Toxicity to the same organisms in
a disturbed sediment system from the Seaplane Lagoon will also be tested, and is described in
Section 5.7.

5.3.1 Surface Sediment Pore Water Toxicity Tests

5.3.1.1 Developmental (Embryo) Toxicity Tests

_,, Method. The 72-hour developmental toxicity tests using echinoderm embryos are designed to
determine adversedevelopmentaleffects of chemicals present in surface pore waters. Pore waters
extracted from surface sediments at three Lagoon locations and from four Landfill Wetlands
locations will be used in the tests. Controls using water and references using aliquots of site water
will be used to compare the pore water toxicity results. If echinoderm embryos are not available,
bivalve embryos will be used.

The results of these tests will evaluate toxicity associated with surface sediment pore water, and
will be compared to the toxicity resulting from direct exposure to surficial sediment (see 5.3.2).
For pore water samples where toxicity is observed, a series of chemical separations (TIE) will be
performed on the pore water, with reexposure to the pore water aliquots conducted to identify the
source of toxicity. The pore water toxicity of subsurface sediments will not be tested because these
water samples are subject to significant oxidation during the test and any toxicity results are not
relevant to environmental conditions.

Scope of the Method. Pore water is often considered the prime exposure route to organisms in
sediment. Exposure of organisms to chemicals in pore water can have effects including
morphological, physiological, functional changes as well as limited/no changes and mortality. The
observed pore water effects on embryo development is limited to the test species, which were
selected on basis their sensitivities to sediment contaminants and their use in other studies in the
Bay area. While this species-specificlimitationmay negate the extrapolation of the overall sediment
toxicity findings, it is still the best indicator of toxicity in pore water.

The pore water samples to be used in the developmental tests will be extracted from sediment
samples using centrifugation and passive filtration procedures. The percent normal embryo
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development will be determined for each test. Water quality parameters such as salinity, pH,
percent oxygen and ammonia will be measured at the beginning of each test (Apha, 1995).
Temperature is recorded daily. The details of this test are contained in the SAP.

Developmental abnormalities are assessed in formalin fixed samples following a 72-hour exposure.

Status of Method. The embryo tests are based on modified ASTM method E-724-89 (ASTM,
19897using methods discussed in Anderson et. al., (1995). The pore water extraction procedures
are not regarded as standard practices but are based on developing consensus within the
toxicological field that pore water should be extractedby centrifugation.

References.
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5.3.1.2 Survival (Amphipod) Test

Method. A lO-day survival test using the amphipod, Eohaustorius estuarius, will be used to assess
survival in pore waters collected from the same sediment sources as used in the developmental
toxicity tests (see 5.3.1.1). Samples used for this test will be collected from the same areas as the
ones used in the embryo test and are discussed in the Sampling and Analysis Plan.

The amphipod survival test will provide supplemental informationon the toxicity of the pore water
which will, in turn, further characterize the extent of sediment toxicity in the Seaplane Lagoon and
the West Beach Landfill Wetlands. The results of these tests will help to characterize toxicity
associated with pore water from surface sediment pore water, and will be compared to the toxicity
resulting from direct exposure to surfacial sediment (see 5.3.2). As with the developmental toxicity
tests, when pore water toxicity is observed, a series of chemical separations (TIE) will be
performed on the pore water, with reexposure to the pore water aliquots conducted to identify the
source of toxicity. The pore water toxicity of subsurface sediments will not be tested because these
samples are subject to significantoxidation during the test and any toxicity results are not relevant
to environmental conditions.

Standard statistical procedures (USEPA, 1994) will be used to ascertain whether toxicity in
presumed contaminated sites varies significantly from toxicity observed in laboratory controls and
in pore water obtained from reference sediment.

Scope of Metho(t..The amphipod 10day survival test will be based on a modification of a method
by Swartz et al. (1985). For each test, five amphipods will be exposed to the pore water solutions.
Test parameters of interest will be the number of amphipods that survive. Amphipod survival will
be monitored daily and the dead ones will be removed from the test chambers. Temperature will be
monitored daily. Salinity, pH, percent oxygen and ammonia will be measured at the beginning and
end of each test (Apha, 1995).The details of this test are contained in the SAP.

Status of Method. This method is based on solid phase sediment toxicity methods for amphipods.
However, modifications have been made for pore water exposures. The principal modification is
that amphipods are exposed in 50 ml pore water rather than in solid phase sediments.

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
Work Plan, Draft Final 5-8 February 1997



References.
,_€ American Public Health Association (APHA). 1995. Stamtard Methods for tile Examination of

Water and Wastewater. 19th Edition., Washington, DC.
Swartz. R.C., W.A. De Ben, J.K.P. Jones, J.O. Lamberson, and F.A. Cole. 1985.

Phoxocephalid Amphipod Bioassay for Marine Sediment Toxicity. Aquatic Toxicology and
Hazard Assessment: Seventh Symposium, ASTM STP 854. R.D. Cardwell, R.Purdy, and
R.C. Bahner, Eds, American Society for Testing and Materials, Philadelphia, PA, pp. 284-
307.

United States Environmental Protection Agency (USEPA). 1994. Short Term Methods for
Es_imathTgthe Chronic Toxicio' of Effluents and Receiving Waters to Marine and Estuarine
Organisms. EPA/600/R95/136. August, 1995.

5.3.2 Sediment/Water Interface Corer (SWIC) Test
Method. This test will evaluate survival and developmental toxicity at the sediment-water interface
using the same two species (an amphipod and echinoderm embryos) as used for the pore water
toxicity tests. The test apparatus consists of a mesh enclosure containing the test species that is then
placed on an intact sediment core to simulate the actual exposure experienced by epibenthic
organisms. This device is described in the Sampling and Analysis Plan. The surface sediment
cores used in the tests will be collected from the same three locations in the Seaplane Lagoon as the
pore water sample tests. In second phase of experiments, the SWIC test will be conducted using
intact sediment cores from depths at 0-m, 1-m and 2-m collected at two locations near the outfalls
where the highest chemical concentrations in sediments are expected.

The test results for surface sediment systems will be compared to the respective pore water tests to
determine whether toxicity varies significantly among different exposure techniques. The results
for the second phase of experiments that use the deeper core segments will be used to determine the

_, potential toxicity should the overlying sediments be removed and benthic organisms then be
exposed to the nouveau sediment bed that remains. The results of the SWIC tests will then be used
to evaluate whether excavation of sediments will mitigate benthic toxicity in the Seaplane Lagoon.
SWIC tests will not be performed using Landfill Wetland sediments because the site has not been
sufficiently characterized to warrant advanced testing.

Scope of Method. The two species (amphipod and echinoderm) will be placed in separate whole
sediment cores (approximately 12 cm length) using the sediment water interface exposure system
shown in the SAP. Organisms will be observed only at the end of the exposure period to avoid
disturbing the integrity of the core. These tests are described in greater detail in the Sampling and
Analysis Plan. The reported results will consist of observed changes in the test species, including
developmental anomalies in urchin embryo and mortality in amphipods. Reported data will be
limited to effects on these two species as a function of depth. Correlations between toxicity and
variations in chemical concentration with depth will also be examined.

Status of Method. The SWIC test represents an innovative procedure that has been used by the Co-
Principal Investigators and one other research laboratory in California, and is an important test for
better simulating epibenthic exposures than pore water exposures alone.

Method References.
Anderson, B.S., J.W. Hunt, M. Hester, and B.M. Phillips. 1995. Assessment of Sediment

Toxicity at the Sediment-Water Interface. In Press in Techniques in Aquatic Toxicity. CRC
Press, Boca Raton, Florida.
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5.3.3 Pore Water Toxicity Identification Evaluations (TIE)
The objectives of TIE are to identify the classes and then specific chemicals responsible for pore
water toxicity at the Seaplane Lagoon and the West Beach Landfill Wetlands. The tests are
conducted in phases to evaluate toxicity due to (1) ammonia and sulfide, (2) dissolved metals, and
(3) organic chemical constituents. (See Figure 5-1 "Approach for toxicity identification
evaluations.")

5.3.3.1 Ammonia and Sulfide Toxicity Assessment

Method. The test will measure total ammonia and sulfide concentrations using an ion-specific
electrode, and a modification of the methylene-bluemethod, respectively. The details of these tests
are contained in the Sampling and Analysis Plan. Ammonia and sulfide tests are necessary to
establish whether these chemicals are present at concentrationsthat are toxic to test organisms used
to evaluate sedimenttoxicity.

Scope of Method. Ammonia and sulfide occur naturally in anoxic environments, and can be a
source of toxicity to benthic organisms. The concentrations of these constituents and their toxicity
is pH dependent. Both NH3and H,S values in excess of LC- or EC- 50s will be reported as toxic
units - (TU) and will be removed from pore water via passage through zeolite and by gentle
aeration for 2 hours before the subsequent testing phase.

Status of Method. Determinationof ammonia and sulfide as H2S is based on standard/modified
methods. Data recently developed by the CoPrincipal Investigators will permit the evaluation of
their potentialcontribution to sediment toxicity.

References.
American Public Health Association (APHA). 1995. Standard Methods for the Examination of

Water and Wastewater. 19thEdition., Washington, DC.

5.3.3.2 Metals Toxicity Assessment

Method. This test will evaluate sediment toxicity due to the presence of bioavailable metals. (See
Figure 5-2 "Pathway for the assessment of metalinducedtoxicity.") This procedure will add a
metalchelator to an aliquot of pore water showing toxicity to determine if selected metals may be
responsible for the observed toxicity. Specifically, the chelator ethylenediaminetetracetic acid
(EDTA) will be added to water to reduce the bioavailabilityof Cd, Cu, Cr, Hg, Ni, Pb and Zn.
Following chelation, the pore water will be evaluated for toxicity to determine whether heavy
metals were responsible for toxicity. The details of this test are contained in the Sampling and
Analysis Plan.

If a decrease in toxicity due to the addition of chelators to pore water is observed, the untreated
pore water solutions will be analyzed for specific trace metals to determine the concentrations of
metals present For those metals believed to be the cause of toxicity, seawater solutions will be
prepared and dosed with metal concentrationsto simulate and confirm the toxicity of metals in the
system.

Scope of Method. The metal chelation procedure will be conducted in parallel with toxicity
evaluations. Chelators such as EDTA are well known to decrease the availability of metals to
exhibit toxicity. Analyses of individual metals in pore water by standard spectrophotometry will
permit comparison to existing toxicity data for metals. Contribution of individual metals to toxicity
can then be determined.The details of this test arecontained in the Sampling and Analysis Plan.
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Status of Method. The use of chelating agents to control metal availability in aqueous solutions is a
well established procedure, and has been used by the Co-Principal Investigator in TIE analyses.

References.
Allen, H.E., G.Fu. and B, Deng. 1993, Analysis of Acid Volatile Sulfide (AVS) and

Simultaneously Extracted Metals for the Estimation of Potential Toxicity in Aquatic
Sediments. Environ. Toxicol. Chem. 12: 1441-1453.

Ankley, G.T., V.R. Mattson, E.N. Leonard, C.W. West, and J.L. Bennett. 1993. Predicting the
Acute Toxicity of Copper in Freshwater Sediments:

Evaluation of the Role of Acid-volatile Sulfide. Environ. Toxicol. Chem. 12:315-320.

5.3.3.3 Polar and Non Polar Organic Toxicity Assessment

Method. This test assesses the toxicity that can be attributed to organic chemicals in pore waters.
Organic chemicals in pore water will be fractionated using solid-phase extraction (SPE) techniqt, e
followed by fractionation using high pressure liquid chromatography (HPLC). The resulting
HPLC fractions are then subjected to gas chromatography/mass spectrophotometry (GC/MS) or
HPLC/MS analyses for the determination of polar and non-polar chemicals, respectively, The
details of this test are contained in the Sampling and Analysis Plan.

Method Scope. The different organic toxicants characterized by class and by concentrations will
provide additional data for use in these toxicity tests. Standard concentration units will be used to
report analytical and toxicity data. Figure 5-3 shows the pathway for the determination of organic
compound induced toxicity. The SPE techniques isolate the toxicants and prevent interference
during analyses by HPLC, HPLC/MS and GC/MS methods.

Pore water demonstrating toxicity will be fractionated into acid-, base- and neutral classes which
would then be analyzed by standard chromatographic methods. The separation process employs
the behavior that acidic non-polar compounds like phenols, basic non-polar compounds like
aromatic amines and neutral chemicals like PCBs, pesticides and PAHs, will pass through C-18
columns at pH values of 6, 9, and 7.8, respectively.

Status of Method. The methods for analysis of organic constituents in the aqueous phase generally
follows procedures described in SW 846. The CoPrincipal Investigator has extensive experience in
using the separation methods and organic analysis procedures in TIE efforts.

References.
Ankley, G.T., M.K. Schubauer-Berigan, J.R. Dierkes, and M.T. Lukasewycz. 1991. Sediment

Toxicity Identification; Phase I (characterization), Phase II (identification) and Phase III
(confirmation) Modifications of Effluent Procedures. Technical report 08-91. (EPA/600/69
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5.3.4 Acid Volatile Sulfide and Simultaneously Extracted Metal
Method. The test for acid volatile sulfides (AVS) and simultaneously extracted metals (SEM)
determines the sulfide and metal concentrations in solutions of sediment samples extracted with
concentrated hydrochloric acid. Comparisons of the sulfide and metal concentrations are then used
to predict the toxicity of sediment associated with bioavailable metals. SEM/AVS measurements
will be conducted on all surface and subsurface samples collected for toxicity testing.
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A SEM to AVS ratio of less than unity indicates that all metal is bound as sulfide and no toxicity is
predicted; a ratio greater than unity indicates that metal is bioavailableand mayexhibit toxicity. The
test results are also applicable to assess the amount of metals that would be released by oxidation
processes if the sediments are aerated, such as when disturbed during excavation.

Scope of the Method. The SEM/AVS test assumes that sulfide precipitationcontrols the solubility
of metals in solution in anoxic sediment systems. As discussed earlier, metals in sediments can be
present as the insoluble metals sulfides. This method is applicable to the anoxic sediments at the
two sites and will depend on sequential analysis for sulfides and heavy metals. Thus, the AVS
measures the total sulfide concentration (solid and aqueous phase), and the SEM measures the
readily extractable metals concentration in the sediment.Heavy metals to be qu,.ntified include Cd,
Cu, Cr, Zn, Pb, Ni and Hg. Literature reports that sediments with high metal concentrations and
high AVS do not exhibit metal related toxicity.

Status of Method. The SEM/AVS method has been published in peer-reviewed literature, and has
been extensively tested to demonstrate its validity of predicting sediment toxicity in anoxic
systems.
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5.4 BIOAVAILABILITY EVALUATION

The bioavailabilityevaluation is intended to assess the uptake of chemicals from contaminated
sediments from the Seaplane Lagoon and from the West Beach Landfill Wetlands. The objectives
of the bioavailability tests include determining (1) the degree to which chemicals in sediment
bioavailable to deposit-feeding invertebrates, and from which sediment locations in the chemicals
are most bioavailable, (2) which chemicals exhibit the greatest bioavailability; and (3) how
bioaccumulation of contaminants from these sediments compare with other locations within San
Francisco Bay. Bioavailability will be evaluated using two methods, (1) a standardized bivalve
bioaccumulation test, and (2) a sediment extraction procedure using the digestive fluids of a marine
worm. The two tests will be conducted on split samples from homogenized sediment samples from
several locations to provide a direct comparison of the two bioavallabilitymethods.

5.4.1 Bivalve Bioaccumulation
Method. Bivalve bioaccumulation tests have been one of the principal traditional means of
assessing the bioavailability of sediment-associatedcontaminants.The bivalve bioaccumulation test
will be conducted by exposing clams (M.acomana_uta) to sediment samples collected from the
locations at the Seaplane Lagoon, the West Beach Landfill Wetlands, San Francisco Bay reference
sites and a control sediment (home site). The bivalves will be exposed to the sediments for 28
days, and the tissue will then be analyzed for PAHs, PCBs, and DDT. The bivalves used in the
tests will be obtained from a relatively pristine control site (e.g. Tomales Bay, California or
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Sequim Bay/Discovery Bay in Washington State). The experimental procedures and details of this
test are contained in the Sampling and AnalysisPlan.

_;copeof Method. The bivalve bioaccumulationtest simulates the chemical exposure and uptake of
a deposit-feeding bivalve to contaminated sediment. Sediments to be tested will be placed in
aquaria and the bivalves added to the sediment. After 28 days, the bivalves will be sacrificed and
the tissue residue analyzed by GC or CG/MS. Tissue residue data will be contrasted to data sets
available elsewhere such as bivalve bioaccumulationdata from the Port of Oakland, and the Food
and Drug Administration's action levels for PCB and DDT. Data on bioaccumulation from
Seaplane Lagoon and West Beach Landfill will be compared with data from the three San
Francisco Bay reference sites (see 5.4.2).

For purposes of comparison, large bivalves will be collected during sampling in the Seaplane
Lagoo'a, and the tissue will be analyzed then for the same suite of organic chemicals. These data
will establish the degree to which 28 day laboratory bivalve exposul"etests accurately reflect in situ
bioaccumulation by resident species.

Status of Method. Bioaccumulation by the clam, Macoma nasuta, is a standardized and widely
used procedure to test bioavailability of sediment-bound contaminants. Dredged material
throughout the country is typically tested by this procedure to determine environmentally-sound
disposal options (EPA/COE, 1994) and the EPA has promulgated standard procedures for
conducting these tests (Lee et al., 1989).

References.
Lee, H., B. L. Boese, J. Pelletier, M. Winsor, D. T. Specht, and R. C. Randall. 1989. Guidance

Manual: Bedded Sediment Bioaccumulation Tests. Prepared by the U. S. Environmental
Protection Agency. EPA/600/x89/30.

EPAJCOE. 1994. Evaluation of Dredged Material Proposed for Discharge in Waters of the U.S. -
Testing Manual (Draft) Prepared by the U. S. Environmental Protection Agency and the U.
S. Army Corps of Engineers. EPA-823-B-94-002.

5.4.2 Digestive Fluid Extraction
_. Bioavailability will also be assessed by a novel method of sediment extraction using the
digestive fluid from a marine worm, Arenicola brasiliensis. Digestive solubilization will be
reproduced in vitro using the digestive fluid extracted from sacrificed worms. Selected organic
chemicals solubilized into the digestive fluid by this procedure will be measured he bioavailable
contaminant fraction. The sediment concentrations of PAHs, PCBs and DDT will be quantified

(Bg/kg), as well as the fraction of the contaminant solubilized by digestive fluid (lag/l). The
solubilized contaminants will be regarded as potentially bioavailable, representing the maximum
concentration of organic chemicals that can be extracted from sediment as that sediment passes
through the gut of a deposit-feeding organism.The details of this test are contained in the Sampling
and Analysis Plan.

Sediment cores will be collected from locations near outfalls in the Seaplane Lagoon. These cores
will be used for bioavailability testing using sediment segments from surface sediments and from
depths of 1 meter and 2 meters. Tests will also be conducted using surficial sediment samples
collected from three locations in the permanently flooded areas of the West Beach Landfill
Wetlands. Additionally, a total of three reference samples will also be obtained from three central
Bay sites, roughly off Alameda, Yerba Buena and Tiburon. Ancillary data including TOC, water
content and grain size will also be measured from the sediment samples.

Scope of Method. The deposit-feeding polychaete Arenicola brasiliensis will be collected from
_, intertidal areasof the central California coast, and digestive fluid extracted. The sediment samples
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will be incubated in the digestive fluid for 4 hours after which the suspension will be centrifuged
and the supernatant recovered for organic analyses by GC or GC/MS.

The method is based on the assumptions that ingestion of contaminated food is an important route
of contaminant uptake and that solubilization of contaminants during digestion is a necessary
prerequisite for bioaccumulation. These assumptions are likely to be most valid for hydrophobic
and persistent contaminants with a high bioaccumulaton potential, and it is compounds such as
these on which we will focus (i.e. PAH, PCB, DDT).

Status of Method. The method is based on a published procedure in the literature (Mayer et al., in
press). It was originally developed with funding by the Office of Naval Research, and has
subsequently been used to evaluate sediments in southern California, San Francisco Bay, New
England and Europe.

References.
Mayer, L., Z. Chen, R. Findlay, J. Fang, S. Sampson, L. Self, P. Jumars, C. Quetel, and O.

Donard. 1996 In press. Bioavailability of Sedimentary Contaminants Subject to Deposit-
feeder Digestion. Environmental Science and Technology.

5.4.3 Sediment/Water Partitioning Evaluation
Method. The sediment water partitioning of PAHs and PCBs will be evaluated using organic
carbon measurements (see 5.5.2) and the measured concentration of the PAHs and PCBs in
sediments using a Freundlich isotherm relationship.These data are important for understanding the
potential mobility and bioavailability of hydrophobic organic chemicals in sediments in the
Seaplane Lagoon and Landfill Wetlands.

Scope of the Method. The estimation of sediment/water partitioning of organic chemicals is a well
established procedure (Karickoff, 1984; Schwartzenbach et al., 1993). The organic carbon data
will be evaluated to ascertain whether the organic phase media is better regarded as soil organic
matter, where a Freundlich isotherm sorption is appropriate, or as a hydrocarbon phase where a
Raoult's Law relationship controls the partitioning. Because of the expected low concentrations of
PAHs or PCBs in the Seaplane Lagoon and Landfill Wetlands and their large partitioning
(equilibrium) constants, the calculations will be focused on estimating the upper limits on
concentrations and associated uncertainties of the these chemicals in pore waters and overlying
waters.

Status of the Method. The use of organic carbon data and sorption isotherms is documented in the
environmental literature (Karickhoff, 1984;Schwartzenback et al., 1993).

References.
Karickhoff, S.W., 1984 Organic Pollution Sorption in Aquatic Systems. J. Hydraulic Engineering

110, 707-735.
Schwartzenback, R.P., PM Gschwend, and PM Imboden, 1993. Environmental Organic

Chemistry John Wiley and Sons, New York.

5.5 TRANSPORT PROCESSES ASSESSMENT

Information on the deposition history of chemicals in the Seaplane Lagoon and the current and
future migration of chemicals with groundwater in the saturated zone is required for assessing the
risks at the site. This information is also critical for selecting remedial options that include either an
intrinsic remediation component or a "no further action" decision. These are proposed studies on
transport processes for chemical migration from the West Beach Landfill and from the Landf'dl
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Wetlands into the Bay waters. The studies described below represent an approach to provide this
information.

5.5.1 Lead-210 Profile in Sediment
Method. This task will develop a profile of the concentration of the naturally occurring radioisotope
lead-210 as a function of depth in a sediment core from the Seaplane Lagoon. This profile will be
used to estimate the age of the sediment layers and sediment accumulation rates based on the
known rate of lead-210 decay. Techniques using such radioisotopes are very useful in tagging
sediments such that through the natural isotopic decay, the age of the sediments can be determined.
The main focus will be on lead-210; other radioisotopes will be explored if present.

This technique will provide estimates of sediment age (years before present) as a function of
sediment depth at 20 cm intervals using a 3 m sediment core from the Seaplane Lagoon. These data
will be integrated with data from the transformation tasks to evaluate intrinsic transformation rat_s
of organic chemicals of concern at the Seaplane Lagoon. Lead-210 profiles as a function of
sediment depth will not be developed for the West Beach Landfill Wetlands because the long term
sedimentary profile has not been accumulating in the ponded area of the wetlands. Actual lead-210
measurements are presented as activities (Becquerel/kg, or Bq/kg of sediment).

Scope of the Method. The major assumption of this commonly used technique is that lead-210 is
elevated in near-surface sediments due to the deposition of lead-210 into sediments and soils from
the decay of radon222 in the atmosphere. This radioactive decay chain has its origin in the decay of
uranium-238 that is naturally present in most soils. The isotopic decay series includes the
following isotopes:

Uranium-238 _ Uranium-234 _ Thorium-230 _ Radium-226

Radon-222---) Polonium-218 _ Lead-214 _ Bismuth-214

_' _ Polonium-214---) Lead-210--_ Thallium-210--, Bismuth-210

Polonium-210 _ Lead-206 (stable).

When atmospheric radon decays, lead-210 is rapidly formed and strongly partitions onto
atmospheric particles, which are deposited and accumulate in the sediment. Lead-210 has a half life
of 22.3 years and provides a good tool for evaluating sedimentaryprocesses over the last 10to 200
years (one half to 10 half-lives).

The application of the method to radiodatingsediments initially assumes that excess lead-210 in the
sedimentary profile comes from the atmospheric deposition of lead-210 that decayed from radon-
222. In the San Francisco Bay area the radon in the atmosphere reflects the uranium content of
native near-surface rocks and soils. Studies of Fuller and Hammond (1983) in the Newark Slough

near South San Francisco Ba_'observed a mean lead-210 fallout rate of O.15_+0.01dpm/cm2-yr in
rainwater and 0.14 dpm/cm--yr from the sediment profile (1 dpm=l/60 Bg). These values are
expected to be found in the Seaplane Lagoon sedimentary profile and are within the range of
measurement techniques for a sedimentation rate of 1 gram per square centimeter per year (g/cm2-
yr).

The assumption of excess lead-210 coming from atmospheric radon would be incorrect if radium-
based luminescent paints have been released into the SeaplaneLagoon or nearby waters during past
Navy operations. However, in this case the presence of radium-based luminescent paint waste in
the sediment profile will provide a stronger radioisotope signal that provides an alternativedating
tool for the time period of 1940to 1950 when these paints were likely used. If sediment samples at
a depth demonstrate an elevated level of lead-210, those samples will be subjected to gamma

particle counting to confirm the presence of radium-226. Gamma counting will also measure the
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activity of cesium-137, and this information can also be used for dating the sediment profile.
Cesium-137 has a half life of 30 years and was introduced into the hydrologic cycle during
atmosphericnuclear weapons testing and some nuclear reactor accidents. Because cesium strongly _'
partitions onto particles, it is also a good dating tool for determining sediment ages and sediment
accumulation rates: most investigations that age-date sedimentary profiles utilize lead210 in
conjunction with cesium-137. The analysis procedures for radium-226 and cesium137 are
described in the SAP.

Another initial assumption in interpreting sedimentary profiles is that the sediment is not mixed.
This condition was likely at the SeaplaneLagoon given the contamination levels that ought to have
limited macrofat'na bioturbation. The actual profiles of redox sensitive cher.aicalspecies such as
oxygen, iron(II), and sulfide measured as part of geochemistry studies (Section 5.1.1) will indicate
if this is reasonable over short time scales of days at the Seaplane Lagoon. The lead-210 profile
will indicate if surface
sediment mixin_ is happening on longer time frames. If substantial surface sediment mixing is
found, an added parameter willbe required for a mixed depth correction in the calculations for the
sediment profile as has been used in previous investigations (Christensen, 1982).

Status of the Method. Lead-210 has been used for many years in determining sediment ages and
sediment accumulationrates in depositional environments (Krishnaswami et al., 1971; Koide et
al., 1973; Robbins et al., 1975). The decay rate constant for lead-210 is inversely proportional to
the half life and is known to better than one percent. This tool has had continued use in studies of
the pollution history in estuaries and lakes for metals, pesticides, and persistent organics like PCBs
(for example: Bruland et al., 1974: Edgington and Robbins, 1976; Wong et al., 1995; Latimer and
Quinn, 1996).
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5.5.2 Measurement of Lagoon Sediment Properties (Density, Organic
Content, Void Ratio, and Compressibility)

Method. The density, organic content, and void ratio, and compressibility of sediment core
samples from at least three depths in three meter sediment columns will be measured to establish
these sediment properties at three locations in the Seaplane lagoon. Two locations will be at the
outfalls sampled in other studies, and a third location will be selected based on the Acoustic
Imaging study.

The data for compressibility and organic content of the sediments are essential for determining the
potential for long term consolidation under existing conditions (that is, self weight) and for
surcharge conditions should a cap be placed on the sediments (Toormans, 1996). In addition, the
laboratory consolidation tests on the sediment samples used to determine the compressibility also
provides information on hydraulic conductivity at different overburden stresses. These data will be
used to calculate the overall sediment permeability for assessin., flow of water and associated
chemical transport and the potential for water transport through sediments into the Merritt Sand
stratigraphic zone under a sediment cap (see also 5.5.3).

Scope of the Method. The sediment properties will be measured on 3 m core samples from three
depths in the lagoon. Measurements on core segments at closer intervals will be made depending
on observationsof sediment character during the initial field examination and on the quality of data
required for the estimating the transport process, as is more critical if the sediment is in direct
contact with the Merritt Sand formation.

The consolidation tests will be performed using a constant rate of strain consolidometer with
internal pore pressure measurements. Because the sediments are relatively young, the apparatus
will be modified to allow measurements at very low vertical effective stresses. The organic carbon
content will also be used to calculate the long term-compressibility of the sediments due to organic

_, carbon mineralization. This information will also be used for calculating the sorption of organic
chemicals in sediment.

Status of the Method. The measurement of the properties will be performed using an ASTM
method (Method D2974-087). As noted above, the more recent nature of thesediments requires
modification of the consolidomter and special handling of the sample to get accurate measurements.
The measurements for this task will be performed in the UCB Geotechnical Laboratory under the
direction of Dr. Nicholas Sitar, who is the CoPrincipal Investigator for this task. Dr. Sitar is an
expert on flow in porous media, and has extensive experience in geotechnical measurements and
interpretation of flow data.
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5.5.3 Measurement of Seepage Fluxes in Seaplane Lagoon
LVlethod.A study to evaluate the potential for water exchange between the Merritt Sand and
Seaplane Lagoon will be conducted if the acoustic imaging task demonstrates the Bay Mud strata is
not intact within the lagoon and that the above task (see 5.5.2) indicates that the sediment has a
permeability that is conducive to allow water flow and chemical transport between the two water-
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bearing zones. The study will consist of falling head tests in three temporary piezometers installed
into the Merritt Sand strata. One piezometer will be installed near each of the outfalls, with a third
piezometer placed at a midpoint in the lagoon.These data willbe used to determine whether there is
an upward gradient into the lagoon.

Scope of the Method. A falling head test using piezometers is a standardprocedure. The criteria for
installing the piezometers will be discussed and approvedby the Navy before this task begins. The
feasibility of installing piezometersis also contingenton the depth to the Merritt Sand zone and the
depth of Bay Mud. A Bay Mud thickness of less than lm (as will be determined from the acoustic
imaging task) will be interpretedto indicate that the Bay Mud is not a competent barrier to prevent
transport between the two water-bearing zones.

For these tests, it is assumed that drive-point piezometers can be temporarily installed in the
lagoon. The piezometers will be placed into the Merritt Sand zone beneath the lagoon rather than at
locations around the lagoon because of the u.tcertain depths of Bay Mud outside of the lagoon. At
the request of the Navy, this task may also be coordinatedwith the investigations being conducted
by PRC.

Status of the Method. As noted above, the use of piezometers and the falling head test for
measuring hydraulic conductivity is a common practice. Procedures previously prepared by PRC
will be used for this task.

5.5.4 Tidal Influence Study in Landfill Wetlands
Method. This task will evaluate the exchange of water among the bay, the West Beach Landfill
area, and the adjacent Landfill Wetlands. In a preliminary phase study, three piezometers will be
installed adjacent to the landfill, and the hydraulic conductivity of soils will be determined. In a
second phase study, the surface water levels in the ponded areas and in the piezometers and
monitoring wells will be measured over a 48-hour period following a high tide episode. These data
will then be used to assess whether water from within the landfill may be exchanging with ponded
water in the wetlands and/or the Bay waters. This information is critical for understanding chemical
transport among these water bodies.

Scope of the Method. There is currently no information to conclude whether there is exchange of
water between the landfill and the Bay, or between the Bay and wetlands other than by the culvert
in the western seawall.This task represents an empirical approach to evaluate whether chemicals in
groundwater in the landfill or in the wetlands may migrate into the Bay through fill soils and or
gaps in the seawall bordering the southern, western, and northern edges of NAS Alameda.
Although some tidal influencemeasurementshave been made in the area of Site 2, the nature of the
fill material composing the seawall and also the levee separating the landfill and wetlands leaves the
possibility of localized conduits for water transport through the seawall or at the seawall/Bay Mud
contact. This empirical approach is a "full scale" dynamic experiment to determine whether the
landfill is isolated from the wetlandsand B ay with regard to chemical migration pathways.

Installation of drive-point piezometers in the Wetlands area adj acent to the West Beach l_xmdfillis
expected to be a relatively straightforward process in the shallow soils, and falling head tests will
be performed according to established procedures. For the Landfill Wetlands study, water levels in
surface gauges, piezometers and monitoring wells will be measured over a 48-hour period, which
is believed to be sufficient on a practical time scale. Water level decreases in the wetlands will be
corrected for evapotranspiration. The data collection and interpretation will performed under the
supervision of the Co-Principal Investigators, Dr. Nicholas Sitar and Dr. James Hunt, who have
extensive experience in groundwater flow, hydrology, and chemical transport processes.
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B'.asisfor the Method. As discussed above, the basis for conducting the proposed study is a large
scale empirical approachto evaluate the dynamics of water exchange among the landfill, wetlands

_, and bay. This task will be conducted and results evaluated by Co-Principal Investigators in terms
of flow models, flow in porous media, and geotechnical evaluations.

5.6 INTRINSIC TRANSFORMATION PROCESSES

The occurrence of intrinsic transformation processes in Seaplane Lagoon sediments and in West
Beach Landfill Wetlands sediments and soils will be evaluated using several complementary
approaches. The lines of evidence for intrinsic processes include fingerprinting PAH and PCI3
mixtures in the sediment column and in simulated sediment and soil systems, and the use of
isotopes for characterizing sources and microbial pathways. The sediment column depth profiles
will be compared to the lead 210 profiles to establish the time periods of deposition and, therefore,
the rates of the transformation processes. The intrinsic process of methane generation in lagoon
sediments will be measured for pctential use in the design of a sediment cap.

5.6.1. Fingerprinting PAHs, PCBs, Hydrocarbons, and Hydrocarbon
Tracers

Method. This task will develop depth profiles of PAHs, PCBs, petroleum hydrocarbons, and
naturallyoccurring tracer chemicals to characterizethe depth distribution of these chemical groups
and evaluate the extent of transformations that have occurred under intrinsic conditions. Sediment
core segments will be analyzed for these constituents at 20 cm intervals over a total core depth of
three meters. As discussed in Section 2.0, limited data are available on the depth distribution of
organic contaminants in the Seaplane Lagoon, and no information is available on the rates of the
intrinsic transformations of PAHs and PCBs in lagoon sediments. Gas chromatography (GC)
fingerprinting methods will be used to analyze for specific chemicals within the sediment profile.

The information from this task will complement that on microbial activity and isotopic analysis to
evaluate microbial transformation of contaminants; the LBNL analytical laboratory and methods
used in this task will also be used for analyses of PAHs and PCBs in the subsequent intrinsic
transformation studies. The fingerprinting tools will also be applied to sediment in the West Beach
Landfill Wetlands to look for evidence of leaching and biotransformation of these chemicals. The
data reported for the Seaplane Lagoon sediments by PRC indicates that there should be sufficient
concentrations of chemicals present to identify PCB congeners to quantify transformations over
time periods of 20 to 50 years. Data for petroleum hydrocarbons, natural tracers, PAHs, and PCBs
will be presented in the units of mass per gram of dry sediment.

Scope of the Method. The analytical data developed for the Seaplane Lagoon sediments will
provide input to simple models for assessing contaminant alteration within the sedimentary profile.
The following sections describe the data that will be collected, precedents for such studies in the
literature, and how the data will be analyzed for this project.

Petroleum Hydrocarbon Analyses. Hydrocarbon properties change regularly within a class of
structures (alkanes, single ring aromatics, polycyclic aromatics), and these properties control the
relativereactivities and transport of chemicals within a class. It is expected that the alkane class will
dominate the petroleum hydrocarbon released into the lagoon. These hydrocarbon chemicals, as
analyzed by GC, will be broken down into carbon fractions such as C10 to C14, C15 to C19, C20
to C24, etc., to assess source terms and evidence of weathering and microbial transformations.
The GC fingerprint will indicate the origin of the petroleum hydrocarbons and their alteration by
weathering and microbial degradation as described by Bruce and Schmidt (1994). Additionally,
petroleum hydrocarbons include naturally-occurring tracers that are more recalcitrant towards
biotransformation than the bulk material composedprimarily of normal alkanes. Early hydrocarbon
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fingerprinting studies utilized the isoprenoids pristane and phytane as tracers present in crude oils,
although they were observed to degrade aerobically after one year (Gundlach et al., 1983). More
recently, hopanes have been shown not to degrade over six months in laboratory experiments
(Prince et al., 1994). Wang et al., (1995) demonstrated the application of this technique to a crude
oil spill in the Arctic that had been weathering and degrading for 12 years. For this task, hopanes
will be identified to see if they are a useful monitor of hydrocarbon disappearance by
microorganisms within Seaplane Lagoon and sediments upland of the Landfill Wetland.

A few examples are useful to illustrate the approach to contaminant fingerprinting. Consider three
sediment samples that contain petroleum hydrocarbons and the tracer, hopane, as follows:

Sample Depth Age Petroleum Hopane Ratio
No. (Yr) Hydrocarbon (mg/kg) Hopane/Petroleum

(m_/kz) Hydrocarbon
1 surface 0-5 10,000 0.10 1G_
2 midpoint 20-25 15,000 0.15 10"
3 deep 40-45 20,000 0.20 10_

Here the total hydrocarbon and hopane concentrations vary with depth, but their ratios are the same
indicating no selective removal of the hydrocarbons compared to hopane. This indicates that there
is no microbial transformation of the hydrocarbons in the sediment core.

Another scenario is as follows:

Sample Depth Age Petroleum Hopane Ratio
No. (Yr) Hydrocarbon (mg/kg) Hopane/Petroleum

(m_/k_) Hydrocarbon
1 surface 0-5 10,000 0.10 10"
2 midpoint 20-25 15,000 0.30 2x10"
3 deep 40-45 20,000 0.80 4x I0'

In this example, the hopane to hydrocarbon ratio increases with depth, indicating that the
hydrocarbons are being degraded if hopane is a conservative tracer. For sample 2, the hopane to
hydrocarbon ratio is twice what it is in the near-surface sample indicating that sample location 2
started out 20 years ago with twice the current hydrocarbon concentration. Forty years ago, the
deepest and oldest sediment was at the surface and its initial hydrocarbon concentration was four
times the current amount. This data set is thus consistent with a low-level degradation rate for
hydrocarbons having a half life of 20 years.

The final example for hydrocarbon tracers will be for the following possible data:

Sample Depth Age Petroleum Hopane Ratio
No. (Yr) Hydrocarbon (mg/kg) Hopane/Petroleum

(m_/k_) H),drocarbon
1 surface 0-5 10,000 0.10 10_

2 midpoint 20-25 15,000 0.30 2x 10"
3 deep 40-45 20,000 0.40 2x 10'

This example is the same as above for the surface and mid-depth samples, indicating a 20 year
half-life for the hydrocarbons. The deep sample at an age of 40 years shows the same hopane to
hydrocarbon ratio as the middepth sample, and indicates no further hydrocarbon degradation has
happened. A better interpretation for this data set is that the hydrocarbons are being degraded in the
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near-surface layer where redox conditions are more favorable for degradation.The actual thickness
of this layer would be assessed through samples collected in the intermediatedepth layers having
ages between 5 and 20 years.

PAH Analyses. PAH concentrations will be measured by GC, and ratios of concentrations among
PAH constituents and for PAH to total hydrocarbons will be calculated to obtain evidence of
different contamination sources and for selective microbial oxidation. The PAHs have several
sources such as crude oil residues (as present in Bunker C fuel), used crankcase oil, and
combustion sources. As with aliphatic components of crude oil, there are PAH components that
have been used as indicators of PAH origin. For example a ratio of phenanthrene to anthracene
greater than 50 is representative of fresh Number 2 fuel oil while a ratio around 8 indicates used
crankcase oil (Latimer and Quin, 1996).

Recent reports have noted that naphthalene and phenanthrene were oxidized to carbon dioxide
un&,"sulfate reducing conditions in contaminated sediments fro_,aSan Diego Bay (Coates et. al.,
1996). Other studies have demonstrated that the more soluble PAHs are preferentially
biotransformed. Slurried experiments found the first evidence for this transformation when labeled
compounds were added to the sediment. In partial support of this approach, Erickson et. al. (1993)
found that addition of naphthalene and phenanthrene to contaminated soil resulted in rapid aerobic
degradation, while the PAHs originally found in the soil were unavailable for microbial
degradation. The paper by McGroddy et al. (1996) shows that PAHs are unavailable for
desorption and therefore are not readily biodegradable. A focus of the PAH studies will examine a
possible shift from light to heavy PAHs with depth being caused by dissolution and degradation of
the lighter molecules such as naphthalene.

PCB Analyses. The data analysis for PCBs will be potentially complex since PCBs can exist in
209 different congeners - a biphenyl group with anywhere from 1 to 10 chlorines attached in
various locations. The interest in specific PCB congeners is that toxicity and transport are functions
of the number and placement of chlorines on the biphenyl backbone. The most toxic congeners
contain two para and at least two meta chlorines. In general there is a trend for highly chlorinated
PCBs to be dechlorinated to lesser chlorinated PCBs under anaerobic conditions. This has a net
reduction in toxicity since a decrease in chlorination correlates with a decrease in toxicity
(Abramowicz, 1990). There is evidence in the literature that the more chlorinated PCBs can be
dechlorinatedto less toxic forms in anaerobic freshwater and estuarine sedimentary environments
(Abramowicz, 1990; Brown et al., 1987; Brown and Wagner, 1990; Lake et al., 1992; Alder et
al., 1993; Ofjord et al., 1994; Bedard and May, 1996).The less highly chlorinated PCB congeners
can then be aerobically degraded.

Most research on PCB dechlorination has been conducted on freshwater sediments where
anaerobic conditions promote methane generation. There is some uncertainty in the scientific
community whether PCB dechlorination can occur under sulfate reducing or methanogenic
conditions in marine systems. Lake et al. (1992) show evidence of PCB dechlorination in New
Bedford Harbor sediments and arrived at half lives of 4 to 19 years for specific congeners, but the
authors did not indicate if the sediments were sulfate reducing or methanogenic. Alder et al. (1993)
detected no PCB dechlorination under sulfate reducing conditions while 0fjord et al. (1994) did
observe 7 to 8 percent dechlorination over a one year period in the presence of sulfate. Bedard and
May (1996) report parent PCB congeners in sediment samples decreased by 5 to 14.6mole percent
and the presumptive dechlorination products increased by 4.5 to 13.0 mole percent, demonstrating
an excellent balance of reactants and products. These studies have shown A.roclor1260 breakdown
congeners in a natural sediment and identified congener degradation sequences useful for
reconstructing the initial composition and the extent of degradation. Sokol et al. (1994) have
reported that Aroclor 1248has been partially dechlorinated in the sediments from two locations of
the St. Lawrence River.
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Abramowicz et al. (1993) reported that PCB degradation rates increased linearly with PCB
concentration over the range of 0 to 250 ppm. On the other hand the results of Sokol et al. (1994)
show reductive dechlorination of PCBs in Saint Lawrence River sediments, but find the extent of
dechlorination is highly variable within a small area. The authors suggest that in situ dechlorination
was inhibited by high levels of metals and/or PAHs (greater than 5000 mg/kg). This could be a
concern in the Seaplane Lagoon where high concentrations of metals have been reported.

Given the existence of PCBs in the Seaplane Lagoon sediments at greater than part per million
levels, the studies will look for evidence of long-term transformations in the age-dated profile
similar to those reported in literature. An example is shown below demonstrating how rates can be
obtained from the sediment record when onl,' two congeners, trichloroPCB and hexachloro-PCB
are considered:

Sample trichloro-PCB hexachloro-PCB
Original PCB 20% 80%
Sediment PCB 60% 40%

Based on the history of PCB usage, the initial congener composition within the PCB is assumed
known and sediment data show the final composition after 40 years of burial. Given that half of the
hexachloro-PCB has been transformed to trichloro-PCB in 40 years the half life for this reaction is
40 years. Since spilled PCBs are more complex than the above example illustrates, looking for
evidence of transformation in the sediment profile is one method of determining in-situ rates when
the rates are very slow, such as when half-lives greater than 5 years.

Status of the Method. Analyses of PCB and PAHs will use standard analysis methods, likely
modified with the use of different temperature programs to achieve better separation of
constituents. Hopanes have been used along with other compounds for tracing the extent of crude
oil biodegradation in natural environments. Data on PAH biodegradation in marine sediments is
scarce. PCB dechlorination reactions have also been studied in the Hudson River by General
Electric Company where they showed that the reactions are relatively slow. The PCB analysis
approach used in these studies will follow the previous studies and is expected to provide bounds
on in-situ transformation rates in lagoon and wetland sediments.
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5.6.2 Sources of Transformation Products Using Isotope
Measurements

Method. Measurements of the carbon isotope compositions of dissolved methane and dissolved
inorganic carbon (DIC) in the sediment pore waters from the Seaplane Lagoon will be used to
determine if these products of carbon mineralization are derived from the intrinsic
biotransformation of petroleum materials previously released into the lagoon. The isotope
measurements will be performed on sediment core segments taken from a 3 m core near an outfall.
In a similar study for the Landfill Wetlands, the carbon isotope compositions of methane and DIC
in ground water and porewaters will signify whether petroleum materials are the source of these
metabolites; isotopic measurementsof carbon dioxide and possibly methane in soil gases from the
vadose zone soils will provide information to complement the isotope analyses for water samples.
The nitrogen isotope ratios in Landfill Wetland pore waters will also provide information on
possible anthropogenic sources of nitrogen (such as munitions chemicals) from the landfill.

The carbon isotope ratio data from these studies will demonstrate whether intrinsic
biotransformation of petroleum hydrocarbons is occurring in Seaplane Lagoon sediments, and
provide some indication of the microbial processes that occur in the sediments. The carbon isotope
measurements on organic carbon in the sediment will also determine the amount of petroleum
material present compared to the more recent natural organic material. Isotope ratios for carbon
dioxide in groundwater and soil gas in the Landfill Wetlands area will also be used to assess
migration of petroleum transformationproducts from the landfill.
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Scope of the Method. At NAS Alameda, radiocarbon (14C) measurements are particularly well
suited for determiningthe contributionof petroleum hydrocarboncompounds to the carbon budget
in sediment, t4Cis a radioactive isotope of carbonproduced by interaction of cosmic rays with the V
upper atmosphere. Because of the relatively short half-life of _4C(5730 years), it is essentially
undetectable in fossil carbon sources, such as crude oil and petroleum products, formed more than
60,000 years ago. All the other potential sources of carbon at NAS Alameda (natural soil organic
matter, carbonate shells, atmospheric carbon dioxide) are relatively recent and have near modem
levels Of _4C(Conrad et al., 1995).

The stable carbon isotope ratios (_3C/_2C)will also aid in differentiating the sources of methane and
DIC, and will be useful for distinguishing the dominant microbial processes controlling their
concentrations of in the sediments (e.g., methanogenesis, methane oxidation). These processes
cause distinctive shifts (or fractionations) in the 73Cp2C ratios of the compounds produced.
Coupling the Z:C/_2Cdata with the J4Cdata (which are essentially unaffected by the fractionating
effects of theJe processes) will make it possible to separate the effects o. the microbial processes
from the effects of diffusion.

Isotope ratios in groundwater from the Landfill Wetlands and downgradient areas will be used to
assess the possible presence of migrating chemicals toward the wetlands from the landfill. The
nitrogen isotope ratios (L_N/14N) of different potential sources for groundwater nitrate (e.g., plant
matter, fertilizers, munitions such as TNT, sewage waste) can often be resolved by their nitrogen
isotope signature (Chapelle, 1993). The initial oxygen isotope ratios (_80/_60) of nitrate are
predictable (resulting from a combination of groundwater and atmospheric oxygen). Use of nitrate
for microbial metabolic processes causes both the _SN/_4Nand 180/_60ratios of the residual nitrate to
be shifted (fractionated) towards higher values. The combination of these two measurements can
be used to help determine both the source of the nitrate and the degree of microbial utilization of the
nitrate (Kendall et al., 1993). These measurements will provide data for evaluating the fate of
nitrogen-bearing compounds in the landfill and the degree to which microbial activity is limited by
the supply of nitrogen.

Status of the Method. The use of isotope measurements for assessing chemical sources and
processes is reported in the geochemical literature, but the application of these methods is limited
by the expertise and analytical equipment required for making the measurements and interpreting
the analyticaldata. The measurements for this task will be performed at the Center for Accelerator
Mass Spectrometry at LLNL Collection of samples, preparation of the samples for analysis, and
the isotopic measurements will be supervised by Dr. Mark Conrad of LBNL; Dr. Conrad has
extensive experience for the proposed studies, including studies conducted at NAS Alameda.

References.
Chapelle, F.H., 1993, Ground-Water Microbiology & Geochemistry. John Wiley & Sons, Inc.,

New York, 424 p.

Conrad, M.E., P.F. Daley, M.F. Fischer, B.B. Buchanan, and T. Leighton, 1995, Carbon
Isotope Evidence for Subsurface Bacterial Activity at the Naval Air Station, Alameda,
California. EOS, Trans., Am. Geophys. Union, v. 76, no. 17, p. Sl19.

Kendall, C., Silva, S.R., Chang, C.C., Campbell, D.H., Bums, D.A., and Shanley, J.B., 1994,
Use of Oxygen and Nitrogen Isotopes to Trace Sources of Nitrate in Hydrologic Systems.
EOS, Transactions, American Geophysical Union, v. 75, n. 44, p. 279.

5.6.3 Intrinsic Production of Methane in Anaerobic Lagoon
Sediments

Method. This task will assess the rate and volume of methane produced in sediment from the
Seaplane Lagoon. The methane production will be measured for 20 cm segments taken from a 3 m
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core from the lagoon. This information is important for the design of a sediment cap that is a
potential remedial optionfor the Seaplane Lagoon and to assess the presence of methane that may
promote anaerobic alteration of PCBs. The evolution of methane from Landfill Wetlands will not

'_' be evaluated because there are no plans for the wetlands area to be capped.

Scope of the Method. The production of methane from sediments is a well recognized process.
Although the production of methane in the Seaplane Lagoon has not been documented, it is
expected that at some depth in the sediment column the system is methanogenic (that is, methane
generating). It is likely that the Holocene Bay Mud is also methanogenic. The production of
methane from 20 cm intervals over a 3m column will be measured to determine the depth at which
me,hane is generated, and the amount of methane generated _' successively greater depths. The
production of methane is of concern because the rate and amount of methane production must be
known to assess the feasibility of a sediment cap and to design the cap.

St_tus of the Method. The procedure to be used is based on a _,lethod(Simbert and Krieg, 1994),
and is discussed in the SAP.

References.
Simbert, R.M., and N.R. Krieg. 1994. Phenotypic Characterization. In: Methods for General and

Molecular Bacteriology. Gerhardt, P., R.G.E. Murray, W.A. Wood, N.R. Krieg (eds), pp.
631-632. American Society for Microbiology. Washington, D.C.

5.6.4 Intrinsic Transformation of PAHs and PCBs in Anaerobic
Lagoon and Wetland Sediments.

Method. This task will evaluate the intrinsic biotransformation of PAHs and the PCB congeners
that are present in anaerobic saturated sediments in the Seaplane Lagoon and Landfill Wetlands.
The results of this experiment will be used to estimate the rates of transformations of PAH and
PCB chemicals in saturated anaerobic sediment systems maintained under simulated natural
conditions in the laboratory. Anaerobic systems will be reestablished in the laboratory using
anaerobic sediment segments from the 0.5 m to 1.0 m depths of sediment cores collected from one
location in the Seaplane Lagoon and from one location in a ponded area of the wetland.

The intrinsic property of the sediments will be defined by using site sediments maintained under
anaerobic conditions and without adding any nutrients or study chemicals (PCBs or PAHs). The
anaerobic system will be undisturbedexcept for mixing under anoxic conditions prior to sampling
(see below). The concentrations of PCB congeners and selected PAHs will be measured after
periods of 3 months and 6 months to evaluate the rate at which these chemicals are being
transformed. The specific PAH and PCB chemicals studied will be determined based on the
concentrations measured in the initial analyses.

Scope of the Method. The primary intrinsic transformationexperiment will be conducted in a batch
reactor to simulate anaerobic sediment conditions where PAHs and PCBs are already present. This
experimental design will use sediments preserved and maintained in an oxygen-free system, with a
total of four batch reactors (two sets of two) prepared with the sediments thoroughly mixed in the
reactor to minimize heterogeneity in sampling of constituents, sampling. Each anaerobic system
will be stirred thoroughly prior to each sampling event (at initial setup, 3 months, and 6 months) to
minimize sampling heterogeneity.It is expected that any minor disturbances in sediment chemistry
due sample collection and transfer will be effectively buffered by the existing properties of the
sediment. Three samples will be collected from each reactor and analyzed to represent the initial
concentrations at time zero (t=0). Subsequently,each set of reactors will be sampled after 3 months
and 6 months, with collection and analyses as described above.
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The above experimental design recognizes that significant transformation of some PAHs and PCBs
has already occurred, and that the saturated, anaerobic sediment reactors simulate environmental

conditions. The design overcomes the initial heterogeneity of chemical distribution, and assumes
that the system maintained under initial anaerobic conditions can exhibit further transformations of
the remaining PAHs and PCBs. To avoid pressure buildup due to carbon dioxide and methane
formation in the sediments, a mixture of carbon dioxide, hydrogen and nitrogen will continuously
purge the reactor headspace at a slow rate to prevent gas accumulation and maintain the anaerobic
conditions. As measures of the consistency of reactor conditions, the redox potential of overlying
water will be measured on a weekly basis.

Basis for the Method. The method reflects an empirical approach where losses of PAH and- PCB
chemicals present in anaerobic sediments will be monitored. The use of static systems for such
experimental conditions is frequently reported in literature. In this set of experiments, variables
such as carbon dioxide production and redox potential of overlying water will be measured to
assess system constancy.

5.6.5 Constraints on Microbial Transformations of PAHs and PCBs
in Lagoon Sediments.

Method. This task will evaluate the constraints associated with selected environmental variables on
the microbial transformation rates of PAHS and PCBs in sediments from the Seaplane Lagoon; the
environmental variables to be assessed in these studies include sulfate, nitrate, and oxygen; a
control with no amendments will also be conducted with the expectation that the system will be
methanogenic. The experiments will be continuously stirred and with periodic addition of sulfate,
nitrate and oxygen to maintain the system under conditions that simulate conditions in the
respective electron-acceptor controlled layers in the intrinsic sediment condition.

The studies are intended to provide transformation rate data that can be used to estimate the
persistence of PAHs and PCBs in the Seaplane Lagoon. These studies will use an unweathered
PCB mixture and _4C- radiolabeled PAHs to assess the relative rates of transformation.
Transformation of PAHs evaluated in terms of J4C-carbon dioxide evolution and PAH loss also
measured as incorporation of the Jac-label into the sediment organic matrix and into soluble
organic constituents that represent transformation products. The effects of alternate electron
acceptors (such as sulfate and nitrate) are important for understanding how PAH and PCB
transformation rates vary in sediment, and to obtain preliminary data for use in designing
treatability studies to enhance remediation of organic chemicals in sediments. The data from the
unamended stirred reactor will also be compared to the unstirred reactor system (5.6.4) to compare
reactor conditions and transformation rates of selected PAH and PCB constituents.

Scope of the Method. The experiments are planned to assess the influence of electron acceptors in
promoting oxidation of PAHs and PCBs in saturated sediments. It is recognized that the PAH and
PCB structures that currently are present in sediments may be inherently more resistant to
transformation. Therefore, it is informative to compare how the transformation rates of an
unweathered PCB mixture and selected PAHs are affected in controlled redox sediment systems. If
losses of PCBs are observed, the PCB congeners will be analyzed and the congener distributions
compared to the congeners that are currently present in sediments (see 5.6.1).

Status of the Method. A number of laboratory studies have been conducted to show that electron
acceptors can promote transformations of PAHs and PCBs, but these studies have often used
forcing conditions that are of questionable relevance to the rates that will occur in actual sediment
systems. Data from the experiments in the proposed study will used in designing field monitoring
programs and laboratory studies to more accurately assess intrinsic rates in anaerobic sediments.
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5.6.6 Transformation of PCBs and PAHs in Vadose Zone Soil Plots
Method. This task will assess conditions influencing the transformation of PAHs and PCBs in
vadose zone soils in the West Beach Landfill Wetlands area. The studies will use field plots of one
square meter each established in an area of the Landfill Wetlands adjacent to the landfill where the
highest concentration of PAHs and PCBs have been detected. One plot (A) will be maintained
under existing conditions, except for an initial thorough mixing of soil as discussed below.
Another set of two experiments (two plots, B and C) will add selected PAHs to the soil to increase
the PAH concentrations that will assure the capability of measuring PAH losses from the soil plots
over the 6-month duration of the field experiments. The fourth plot (D) will be prepared in an
identical manner to Plot A except that Plot D, as well as Plot B, will be planted with indigenous
vegetation to simulate the rhizosphere in the wetland. As controls on the contribution of plant
growth to transformation of PAHs, Plots A and C will be periodically weeded as necessary. The
experiments will be conducted on initially well-mixed soils to minimize PAH and PCB
concentration variability associated with soil heterogeneity and uneven chemical distribution in
soils. The concentrations of PAHs, including the added PAH, and PCBs will be measured in soil
samples collected at 3-month and 6-month intervals.

These studies will evaluate the effect of vegetation growth on the transformation rate of PAHs and
PCBs in wetlands soils, and provide an overall assessment of the transformation rates of PAHs
and PCBs under actual field conditions. Although the soils will be thoroughly mixed to minimize
chemical distribution heterogeneitiesdue to source or deposition differences, some variability in
sample composition is expected due to soil grain size effects. These experiments will allow for an
assessment of chemical distribution uncertainties that can then be used for future risk assessment
and potential remediationevaluations.

Scope of the Method. The proposed studies represent an empirical approach to evaluate the
persistence of PAHs and PCBs under actual environmental conditions. As discussed below, the
heterogeneities of the site soils is a major issue for design of such experiments in the vadose zone
where chemicai transport of non-volatile chemicals is limited. The expertise and professional
judgment of the Co-Principal Investigator will be critical in the setup, monitoring, and evaluation
of the results of these experiments.

The limitations on the design of intrinsic remediationstudies include the potentially fragile nature of
the vadose zone soil regime toward artifacts due to sampling and handling (exposure to oxygen,
breakup of soils), and the unknown effects of seasonal inputs (temperature, rainfall, nutrient input,
inundation). Previous PRC investigations of PAHs and PCBs in soil in the Landfill Wetlands used
a 200-ft grid spacing, and found that the highest concentrations of PAHs and PCBs are adjacent to
the landfill (see Section 2). However, PCBs and PAHs are also present at slightly lower
concentrations (by 2 to 20 times) throughout the Landfill Wetlands, and which may have been
present on soils used as fill in this area. The existing distribution of PCBs and PAHs at levels near
reporting limits are especially problematic in planning an intrinsic remediation study when the
losses of chemical concentrations are monitored. This is because potentially large variances in
concentrations require a very large number of analyses so as to provide statistically meaningful loss
rates. Such experimental problems are expected to be lessen when the system can be made less
heterogeneous by mixing of soil in controlled plots.
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Status of the Method. The proposed studies are designed for simulate actual environmental field
conditions with soil thoroughly mixed to minimize sample heterogeneity. '_W

References.
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5.7 PROCESSES IN DISTURBEDSEDIMENTSYSTEMS

The studiesdescribed below address conditionsthat may resultfrom sedimentdisturbancedue to
remediationor other activities.Such disturbancecould expose the anoxic sediment to atmospheric
oxygen, andthereby cause chemicalchanges in the sedimentcomposition. The studies proposed
are to evaluatethe effect of such processeson leachatefromsuchsedimentsthat would be disposed
on the land surfaceandsubjectedto rainfallinfiltrationdisposal.

5.7.1 Leachate Characterization from Disturbed Lagoon Sediments
Method. The following experiment will be conducted on contaminatedsediments from the
Seaplane Lagoon to determine the rates and concentrationsat which metal contaminants are
released into the aqueousphase. The experimentswill be performedin flow-through reactorsat
room temperature (KnaussandWolery, 1986). Several leachingexperiments(2 to 4 experiments)
are planned to evaluate reproducibility with the leachate concentrationsof Cd, Cr, Cu, Hg, Ni, Pb,
and Zn measured for a 90 day period.

Scope of the Method. These experiments will provide leaching rates that can be applied to a
remediation scenario that involves placing Seaplane Lagoon sediments on land. The leaching
solution will consist of distilled/deionizedwater equilibrated with atmospheric oxygen and carbon
dioxide, which then simulates rainwater. At the completion of these experiments, the solids will be
freeze dried and ground for XAS (see 5.2.4) to determine if the metal speciation in the solids phase
was changed during the leaching experiment. This information is valuable for understanding the
leaching experiments, because it is likely that metals that are stable in anoxic sediments will
dissolve and then sorb onto or react with other solid phases in oxic sediments. If this is the case,
then the long-term hazard of the metals may be significantly limited, because the metals will be
associated with solid phases in both environments. Details of the expected range of values,
reporting/detection limits, and possible interferences of the specific analytical techniques is
discussed in the SAP.

In these experiments the rate of metal leached is proportional to the change in concentration
between the input and output solutions. All rates will be normalized with respect to total mass of
sediment and possibly the initial concentration of metal contaminant. The duration of the leaching
experiments will be a total of 3 months (see SAP). The solution pH and total metals will be
analyzed according to the procedures described above (see 5.2.2). XAS results will report the
atomic structure of the contaminant including metal oxidation state and the phase in which the metal
is bonded.
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The application of these rates are specific to Seaplane Lagoon sediments disposed in an oxidizing
environment. It is assumed that leaching of metals from the solid phase is controlled by reactions at
the sediment/porewater interface. The XAD analysis information at the end of the 3 month leaching

_' experiment will be evaluated for the potential for longer term leaching of metal constituents.

Status of the Method. The use of flow-through reactors is a routine method for determining
leaching or dissolution rates that are controlled by reactions occurring at solid-solution interfaces
(see Sampling and Analysis

Plan). Leaching experiments comparable to the proposed studies have been conducted by the Co-
Principal Investigator, Dr. Susan Carroll of LLNL, and who v'ill supervise theses studies.

Reference.
Caa'roll, S.A., and Bruno, J., (1991). Mineral-solution Interaction in the U(VI)- CO2-H20

System. Radiochimica Acta. 52/53, 187-193.
Knauss K. and Wolery, T.J. (1986) Dependence of Albite Dissolution Kinetics on pH and Time at

25 and 70°C. Geochemica Cosmochimca Acta, 50, 2481-2497.

5.7.2 Toxicity of Disturbed Sediments
Method. This study utilizes the Sediment/Water Interface Core (SWIC) test procedure (see 5.3.2)
with a modification that air is passed through a sparger placed beneath the sediment core, thereby
disturbing and aerating the sediment core in the presence of the test species. The test species use d
will be the same as used for the developmental and survival tests (see 5.3.1). The disturbed
sediment SWIC tests will be conducted using surface and one subsurface core segment from the
same stations as tested in the intact core SWIC test.

The results of these tests will be used to evaluate the toxicity associated with sediment disturbance.
The test results will also be compared to the SWIC tests using the undisturbed cores, and the data
for the AVS/SEM tests will also be used to determine the contribution of metal toxicity to the
disturbed sediment test results.

S_cope of the Method. This procedure is a straightforward modification of the SWIC test (see
5.3.2) that provides important information on the effects of aeration of sediment on ecotoxicity.
This test is designed to be optimally comparable to the other sediment exposure tests performed to
evaluate intrinsic sediment conditions. The test method is regarded as an innovative approach and a
modification of a method that has been previously developed and applied by the Co-Principal
Investigator, Dr. Susan Anderson of LBNL. This test will be conducted at LBNL under the
supervision of Dr. Anderson. The report for this study will present test results as well as a
discussion of how these results are expected to simulate actual site conditions.

Status of Method. As stated above, the proposed test for disturbed sediment toxicity is a
modification of the SWIC test. The test will be performed under the direct supervision of the Co-
Principal Investigator to optimize the relevance and interpretation of the result for the project
objectives.
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Table 5-1

Summary of Sampling and Analysis Plan
Seaplane Lagoon (Site 17)

(page 1 of 2)

Physical Characterization of Sediment
Task Sample Media Information to be Obtained Reference Section

AcousticImaging In-situmeasurements Stratigraphicprofilesand 5.1
detectionof gas pocketsin sediment

Chemical Characterizationof Pore Waterand Sediment
Task SampleMedia Information to be Obtained Reference Section

MicroelectrodeMeasurements Sedimentcore to 20 cm Concentrationsof dissolvedoxygen,iron-II, 5,2,1
inSedimentCore PoreWaters manganese-IIandtotalsullid- as wellasoH

Pore Water Constituent Pore water from Concentrationsof solublea,)ions, 5.2.2
Measurements sedimentcore to 50 cm majorand tracemetals

SedimentBulkMineralogical Sedimentcoreto 2 m Concentrationsof trace metals 5.2.3
andChemicalAnalyses andbulksoilmineralogy

SedimentMetal Sedimentcore to 2 m Speciationof majormetalphases 5.2.4
SpecialionAnalyses

Pore Water and Sediment ToxicityTests
Task SampleMedia Informationto be Obtained Reference Section

SurfaceSedimentPoreWater Porewater extracted Developmentaland survivaltoxicityirom ' 5.3.1
ToxicityTest Ir0m surfacesediment exposureto surfacepore waters

Surface Sediment/Water Surfacesedimentcore Developmentaland survivaltoxicityfrom 5.3.2
InterlaceCorer(SWlC) Test exposureto surfacesedimentcore

SubsurfaceSediment/Water Sedimentcoresat Developmentaland survivaltoxicityfrom 5.3.2
InterlaceCorer(SWlC) Test both 1 m and2 m exposureto surfacesedimentcore

PoreWaterToxicity Pore water extracted Evaluatetoxicitydue to ammoniaandsulfide, 5.3.3
IdentificationEvaluation(TIE) from surfacesediment dissolvedmetals,and/or organicconstituents

AcidVolatileSulfide(AVS) and Acid solutionextractedfrom Sulfideand metalconcentrationsin sedimentsto predict 5.3.4
SimultaneouslyExtractedMetal (SEM) surfacesedimentcore and toxicityassociatedwith bioavailablemetals

sedimentcoresat both I m and 2 m

BloavellabilltyEvaluation
Task SampleMedia Informationto be Obtained Reference Section

BivalveTest Surfacesedimentcoreand Concentrationsof SVOCsin tissue 5.4.1
sedimentcoresat both 1 m and 2 m fromexposureto sedimentcore

DigestiveFluidExtraction Surfacesedimentcore and Concentrationsof SVOCs =ndigestive 5.4.2
sedimentcoresat both 1 m and2 m juiceslrom exposureto sedimentcore
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Table 5-1
Summaryof SamplingandAnalysisPlan

Seaplane Lagoon (Site 17)
(page 2 of 2)

TransportProcessesAssessment
Task SampleMedia Information to be Obtained Reference Section

Lead-210Profilein Sediment Sedimentcore to 3 m Concentrationsof lead-210 5.5.1
Measurementof Lagoon Sedimentcore to 3 m Data for density,organiccontent, 5.5.2

SedimentProperties void ratio_andcompressibility
Measurementof SeepageFluxes In-situmeasurements Determinationof upwardhydraulicgradient 5.5.3

in SeaplaneLagoon intoSeaplaneLagoon
(if applicable)

IntrinsicTransformationProcesses

Task SampleMedia Informationto be Obtained Reference Section
FingerprintingofPAHs,PCBs, Sedimentcore to 3 m Idenlificationof PAH const!tuents,PCB congeners, 5.6.1

Hydrocarbonsand HydrocarbonTracers and hydrocarbonfractions
Sourcesof TransformationProducts Pore water from Carbonisotopecompositionsof dissolvedmethaneand 5.6.2

UsingIsotopeMeasurements sedimentcoreto 3 m inorganiccarbonin water
IntrinsicProductionof Methane Sedimentcore to 2 m Volumeand rate of methanegeneration 5.6.3
inAnaerobicLagoonSediments

IntrinsicTransformationof PAHsand Batchscale reactorusing Rateof transformationof PAHandPCB chemicals 5.6.4
PCBsin AnaerobicLagoonSediments sedimentcore to 1 m

Constraintson Transformationof PAHs Batchscale reactorusing Rateof transformationof PAHandPCBchemicals 5.6.5
lnd PCBsinAnaerobicLagoonSediment,, sedimentcore to 1 m

Processes In DisturbedSedimentSystems
Task SampleMedia Informationto be Obtained Reference Section

LeachateCharacterizationfrom Flow thru reactorusing Concentrationsof majorand trace metals 5.7,1
DisturbedSeaplaneLagoonSediments sediment

Toxicityof DisturbedSediments Surfacesedimentcoreas wellas Developmentaland survivaltoxicityfrom 5.7.2
sedimentcoresat bolh1 m and 2 m exposureto surfaceof aeratedsedimentcore

t
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Table 5-2

Summaryof Samplingand AnalysisPlan
West Beach Landfill Wetlands(Site 2)

(page 1 of 2)

Physical Characterizationof Sediment
Task SampleMedia Informationto be Obtained ReferenceSection

AcousticImaging In-situ measurements Stratigraphicprofilesand 5.1
detectionof gas pocketsin sediment

ChemicalCharacterizationof Pore Waterand Sediment

Task SampleMedia Information to be Obtained Reference Section
MicroelectrodeMeasurements Sedimentcore to 20 cm Concentrationsof dissolvedoxygen,iron-II, 5.2.1
inSedimentCore PoreWaters manganese-IIandtotalsulfideas wellas pH.

Pore Water Constituent Porewater from Concentrationsof solubleanions, 5.2.2
Measurements sedimentcoreto 50 cm majorand tracemetals

SedimentBulkMineralogical Sedimentcoreto 1 m Concentrationsof trace metals 5.2.3
andChemicalAnalyses andbulksoilmineralogy

SedimentMetal Sedimentcoreto 1 m Speciationof majormetalphases 5.2.4
SpeciationAnalyses

(if applicable)

Pore Water and Sediment ToxicityTests
Task SampleMedia Informationto be Obtained Reference Section

SurfaceSedimentPoreWater Porewater extracted Developmentaland survivaltoxicityfrom 5.3.1
ToxicityTest fromsurfacesediment exposureto surfacepor_._vaters

PoreWater Toxicity Pore water extracted Evaluatetoxicitydue to ammoniaand sulfide, 5.3.3
IdentificationEvaluation(TIE) fromsurfacesediment dissolvedmetals,and/or organicconstituents

Acid VolatileSulfide(AVS) and Acid solutionextractedfrom Sulfideandmetalconcentrationsin sedimentto predict 5.3.4
SimultaneouslyExtractedMetal (SEM) surfacesedimentcore toxicityassociatedwith bioavailablemetals

BioavallabllltyEvaluation
Task SampleMedia Informationto be Obtained ReferenceSection

BivalveTest Surfacesedimentcore Concentrationsof SVOCs intissue 5.4.1
fromexposureto sedimentcore

DigesflveFluidExtraction Surfacesedimentcore Concentrationsof SVOCs in digestive 5.4.2
juicesfromexposureto sedimenlcore

i
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Table 5-2

Summary of Sampling and Analysis Plan
West Beach Landfill Wetlands (Site 2)

(page 2 of 2)

Transport Processes Assessment
Task Sample Media Information to be Obtained Reference Section

Tidal Influence Study In-situ measurements Hydraulic conductivity _nd 5.5.4
in Landfill Wetlands surface water level lluctuations

Intrinsic Transformation Processes

Task Sample Media Information to be Obtained Reference Sectfon

Fingerprinting of PAHs, PCBs, Sediment core to 1 m Identification of PAH constituents, PCB congeners, 5.6.1
Hydrocarbons and Hydrocarbon Tracers and hydrocarbon Iraclions

Sources of Transformation Products Pore water from Carbon isotope compositions of dissolved methane and 5.6.2
Using Isotope Measurements sediment core to 1 m; inorganic carbon as well as nitrogen isotope ratios in water

soil gases carbon dioxide and methane in soil gases
Intrinsic Transformation of PAHs and Batch scale reactor using Rate of transformation of PAH and PCB chemicals 5.6.4

PCBs in Anaerobic Wetland Sediments sediment core to 1 m

Transformation of PAHs and PCBs Mixed vadose zone soil Rate of transformation of PAH and PCB chemicals 5.6.6
in Vadose Zone Soil Plots

i
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DATA USE OBJECTIVES FOR
INTRINSIC SEDIMENT PROCESSES STUDY

Page 1 of 5

_..__ S_OPin Work P!_n Measurement _ Assessment (Dr LMigr_lion Evaluation of Intripsi_; Evaluation or Issues
Pathways and "l'oxicit_ R_mc(liation Pro_:ess_;# Ass0_;i_!|ed wifh

Remedial Strate_,ies
5.2 Chemical
Characterization of

!Porewater and Sediment

5.2.1 Microelectrode Dissolved oxygen, In-situ Describe In-situ redox tlnderstand electron accept(_r
Measurements in Sediment Fe '_, Mn'"_,Total _orewater conditi(ms related 1(3chemical _resenceand l]ux for

Core Pore Waters, SOP 26.1 sulfide spcciation and sediment biotransformation evaluations
condilion, used to understand
chemical species availability

5.2.2 Porewater Constituents cr, F, NO/, NO_, Extracted Provide complete analyses of Provide data on advective versus Apply geochemical model to
SOP 26.2 SO/;, PO.__;Cd, Cu, )orewater conslilucnts in pore w_zler,used dilfusivc transport processes in estimate chemical c(mccnlra-

Cr, Ni, Pb, Zn; AI, lo understand species ideeper sediment cores; information tions and toxicity in disturbed
Ca, Fe, Na, Mg, Mn availability and to develop Ionavailability of electron sediment condition (dredging)
S lgeochemical model acceptors in sediment layers

,i

5.2.3 Sediment Bulk Mineralogy and Sediment Assess sediment characteristics Potentially useful for assessing Assess sediment
Mineralogical and Chemical morphology used to compare/extrapolate data sources of sediments from outfalls characteristics, used to
Analyses, SOP 26.3 and method to other sites compared to Bay sources compare and potentially

extrapolate data and method to
other sites

AI, Cd, Cu, Ni, Pb, Sediment Measure solid phase constituent
Zn concentrations, used to compare

with PRC data and select
representative samples for
measurements usinl] SOP 26.4

5.2.4 Sediment Metal Redox status of Cd, Sediment Determine speciation of metals, 'Apply geochemical model to
Speciation Analysis, SOP Cu, Cr, Hg, Ni, Pb, used to evaluate metals estimate chemical

26.4 andZo availability under current and iconcentrations and toxicity in
future (disturbance) scenarios, Idisturbed sediment condition
and to develop geochemical I(dredging)
model I
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TABLE 5.3
DATA USE OBJECTIVES FOR

INTRINSIC SEDIMENT PROCESSES STUDY
Page 2 of 5

i , i

T+!sk/ SOP in Work P!an _'|e;Isuremep! Me(li;! _A_essment of Mij_n Evaluation of l-trinsit; [ EFt_iv'tin=ilion 0f I_ue_

Pathways and Toxicity R._mediation Prucc.sse_ A,_so¢iated with

Remedial Strate_zies
5.3 Porewater and
Sediment Toxicity Testa

5.3.1 Surface Sediments Pore IDevelopmental Extracted Assess toxicity due to

Water Toxicity Tests, SOP toxicity to Porewater constituents in pore water
27. I echinoderm I

Survival toxicity Extracted IAssess toxicity due t<_,

for amphipod Porewater constituents in pore water
5.3.3 Pore Water Toxicity Ammonia, sulfides, Extracted Determine constituents

Identification Evaluations, metals, VOC and Porcwater respt)nsible for Ioxicity
SOP 27.3 SVOC chemicals measured in SOP 27. I

5.3.4 Acid Volatile Sulfide and metals Sediment Determine polcntial for toxicity Assess potential Ibr metals
Sulfide/Simultaneously ratio in sediment related to metals controlled by release after sediment
Extracted Metals, SOP 27.4 sulfide in sediments t_xidation in disturbed

sediment (dredging)
5.3.2 Sediment/Water Developmental Sediment core Assess toxicity associated with Assess toxicity associated
Interface Core Test, SOP 27.2 toxicity to at surface and at' total sedimcnt/porewalcr syslcnl with deeper sediment layers if

echinoderm depth (compared to SOP 27. I) upper layers removed by

dred=_in=_
Survival toxicity Sediment core Assess toxicity associated with Assess toxicity associated
fi>ramphipod at surface and at total sediment/porcwatcr system with deeper sediment layers if

depth (compared to SOP 27. I) upper layers removed by

dred_,in_
5.4 Bioavailabilitv

Evaluation

5.4.1 Bioavailability PAH, PCB Tissue Assess bioaccumulation in Assess hioaccumulation
/Bioaccumulation by Bivalve, bivalve associated with exposure to

SOP 28.1 deeper sediment layers
5.4.2 Digestive Fluid PAH, PCB Digestive juice Measure maximum Measure maximum
Extraction, SOP 28.2 extracts bioavailability partitioning bioavailability from deeper

from sediment contact with sedimcnl exposure to digestive
digestive juice of benthic juice of benthic organisms

organisms

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study

Work Plan, Draft Final February 1997

( ( (



( TL 53 (
DATA USE OBJECTIVES FOR

INTRINSIC SEDIMENT PROCESSES STUDY

Page 3 of 5

[Task/SOPin Work Plan Measuremen! Medii! Assessment of Migraliqn E'vt!lll;ttion of Intrinsic: Evaluation of Issues
Pathways and Toxicity Bemedia0on Pro¢€_s¢s Associated _i{h

5.5 Transoort Processes! R_medial Stri=tegie_

Assessment

5.5.1 Lead-210in Sediment, '_'_Pb,_'Cs, "_'_'_RaSedimen! Providetime depositionprofile Establishtime profile usedwith Provideguidancefor limited
SOP29.1 segments for sedimentusedto correlalc SOP30.I to estimatePAll andPCB dredgingof sedimentbasedon

with chen]ical concentrations; transformation rates deposition rate and source
identify sedimentlayers correlation
Iconlainingradiumfrom painl
wasles.

5.5.2 Measurement of Lagoon Specific gravity; Sediment Measure properties related m Estimate sediment
$edimenl Properties, SOP one-dimensional segments water flow in lag(urn; data will consolidation by self-weight
29.2 consolidation be used with piezometcr data to and undercap weight; evaluate

properties cslimate gradient/fh)w in water flow in relationto

la_,oon cappin_ alternative
Moisture, Organic Sediment Measureproperties related to Estimate sediment

Mailer in Soils segments waterflow in lagoon, and for consolidation by self-weight
chemical partitioning between and undercap weight with
sedimentandwater carbon losses

5,6 Intrinsic
Transformation
Processes

5.6.1 Fingerprintingof PAHs, PCB Sediment Determine transformation Estimate rates of transformationin
PAHs, PCBs, Hydrocarbons congeners, segments )auernsand estimate rates of sediment, with data from 29. I
_nd Tracers in Sediment, SOP _etroleum transformation in sediment,
30. I h)t.drocarbons with data from 29.1
5.6.2 Isotope Monitoring,
_OP 24.4

Ratio '_C/"C in soil, soil gas, Provide evidence for Provide evidence for Iransformation
organic matter water, depositional patterns or mixing of anthropogenic hydrocarbons and
fractions, methane, hydrocarbon m sediment layers transformation pathways
carbon dioxide )hases (as

a.ppropriate)
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TABLE 5.3
DATA USE OBJECTIVES FOR

INTRINSIC SEDIMENT PROCESSES STUDY
Page 4 of 5

Task/ SOP in Work Plan Measurement _ Assessm_nl of Milzration Evaluation of Intrinsic Evaluation of Issues

P:_lhw_ys and "l'oxi_:i_y Remediation Processes Associated with

Remedial Strategies

Ratio D/H in Isoil gas, water, Provide evidence for Provide evidence for transformation

methane, water, hydrocarbon depositional patterns or mixing ]_f anthropogenic hydrocarbons and
hydrocarbon phase _hases (as m sediment layers transformation pathways

appropriate)
Ratio_N/_'N in soil soil and water Provide evidence for Provide evidence for nature of

organic material and (as appropr ate; depositional patterns or mixing transformation pathways

nitrate m sediment la),ers

RatioW_O/'_O in soil soil and water Provide evidcnce for Provide evidence for nature of
organic matter, depositional patterns or mixing transformation pathways
nitrate and water in sediment layers
"C in organic soil, soil gas, Provide evidence fl_r Provide evidence for tra,_sformation

matter fractions, and water (as dcpositional patterns or mixing _l anlhr_pogcnic hydrocarbons and
methane, carbon appropriate) in sediment layers transformation pathways
dioxide

i,

5.6.3 Intrinsic Production of Methane production Hcadspace gas Possible mixing in sediments Establish mcthanogenic conditions Measure rate of methane
Vlethane in Anaerobic Lagoon rate from anaerobic due to methane evolution that promote transfl_rmation of generation fi)r evaluation of
3edimcnts. SOP 30.2 sediment segments PCBs sediment cap alternative, and

3otential for long term
transformations associated

with methane in capped
sediments

5.6.4 Intrinsic Transformation tale Anaerobic Measure intrinsic rate of Eslimate transformation rates

Transformation of PAHs and of PCBs and PAHs sediments transformation of PCfls and PAlls Ior scdimcnt capping
PCBs in Anaerobic l.agoon m sediments alternative
and Wetlands Sediments, SOP
30.3

5.6.5 Constraints on Transformation Sediments Estimate rates of translormation of 'Assess potential utilization of
Vlicrobial Transformation of rates as controlled PAHs and PCBs associated with eleclron acceptors to promote
PAHs and PCBs in Lagoon by selected electron specific electron acceptors, and for biotransformation of PAHs and
_ediments, SOP 30.4 acceptors better understanding of processes PCBs in sediments

responsible for intrinsic
:lransformalion reactions

i
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DATA USE OBJECTIVES FOR
INTRINSIC SEDIMENT PROCESSES STUDY

Page 5 of 5

'l'ask./ SI)P in Work Plan Mt:asurement _ .Ass.essmenl of Milzrlaiq!joq _ion of Intrinsic E_valuation of Issues

Pathways and Toxicity _Rq_qle(liation Process_¢_i Associated with
Remedial Strateeies

5.6.6 Transformation of PCBs Transformation rate Vadose zone Measure intrinsic rale of Provide preliminary data on
and PAHs in Vadosc Zone Soil of PCBs and PAlls soil transformalion of PCBs "qd PAHs efficacy of phytorcmediation
F'lots, SOP 30.5 in wetland vadose m stills, and influence of pl.-nt _1"PAlls and PCBs present in

zone soils, and growth on transformation rates dredged sedimcnls
influence of plants

5.7 Processes in

D.isturbed Sediment
Systems

5.7.1 Leachate Constituents Simulated _Estimate metal concentrations

Characterization from present in simulated leachate in simulated leachate from
Disturbed Seaplane Lagoon oxic leachate from dredged sedimenls exposed to
Sediments, SOP 26.5 sediments rainwater.

5.7.2 Toxicity of Disturbed Survival and Survival and Estimate survival and
Sediments developmental developmental developmental toxicity

toxicity toxicity in associated with dredging of
disturbed sediments
sediments
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_Toxic Pore Water[

Determination of IJl ! It Determination of

metal induced organic compound

toxicity Assess entof induced toxicity

end°gen°us t°xicants I

I Chelati°n _ _ Isolation ofpolar & non-polar

_ IAmmonia l Sulfides ] compounds

Measurement of Acidic Neutral Basic

metal concentrations _ _

I Chromatographicanalyses

Figure 5.1 Approach for toxicity identification evalualions.
i



Bulk sediment Toxic pore water

Acid volatile sulfides EDTA/STSChelation
(AVS)& simultaneously
extracted metals (SEM)

l Yes No

Figure 5-2. Pathway for the Assessment of Metal-Induced Toxicity
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Toxic Pore Water

I I I

l c, ,cjI eutra'l as'c1
J

C-18 Solid phase

Yes Ye_, Yes
reduced? reduced?

Neutr,toxicants toxicants )
notpresen notpresen k,,,_otprese_

/f_cid ic-'_'_ Neutral Basic
{ toxicants ) toxicants toxicants

present J present present

_Chromatographic isolation and

cants (GC,GC/MS,HPLC, HPLC/MS)

Figure 5-3 Pathway for Determinationof OrganicChemicaHnduced Toxicity
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6.0 INTEGRATION

The complexity of sedimentprocesses at NAS Alamedarequires a multidisciplinaryapproach
to characterizesite conditionsand adequatelyscope treatabilitystudies. The previous sections
describe the discipline-specific information on toxicity, bioaccumulation, chemistry, and
environmentaltransport processes at the SeaplaneLagoon (Site 17) and the West Beach
LandfillWetland(Site 2) that will be obtained in the proposed BERC project.The sections
below describe how this informationwill be integratedto meet the project objectives: (1)
determinethe toxicity and migrationpathways for the chemicals of concern, (2) establish the
time course of past and future intrinsic remediation, and (3) evalL-atethe impacts and issues
associated with potential remedial strategies based on the collected data.

6.1 MIGRATIONPATHWAYS

Marine and wetland sediments accumulate chemical releases and act as a reservoir to the
environment. These chemicals are characterized as being of low solubility, highly sorbed and
not volatile. The specificchemicals that have been the focus of the proposed studies are based
on PRC investigations, and include PCBs, petroleum hydrocarbons including PAHs, and trace
metals.

Diverse biological communities depend upon sediments for food, protection from predators,
and as a semi-solid substrate suitable for sustaining rooted vegetation. For ecosystems, there
are two issues that need to be addressed: (1) acute organism toxicity due to direct exposure to
chemicals in sediments, and (2) chronic toxicity caused by long-term exposure to chemicals in
sediment or through consumption of a contaminated prey. Bioaccumulation can result in
chronic toxicity at the top of the food chain. Thus, ecosystem and human health impacts are
initially controlled by the exposure to the contaminants in the biologically active region of the
sediments, and then partitioning of contaminants from the sediments to biological organisms
either through contact with the pore water or through sediment ingestion.

Toxicity tests coupled with toxicity identificationevaluation (TIE) analyses will determine the
specific chemicals causing acute and development toxicity from exposure to sediment pore
waters. This information coupled with the Sediment/Water Interface Corer (SWlC) tests
provide a direct determination of toxicity for organisms residing at the sediment-water
interface. Additional data on bioaccumulation will be provided by the clam studies and
digestive juice extracts following direct exposure to the sediments. It is expected that
contaminants causing acute toxicity through pore water exposure will be different from
contaminants that bioaccumulate. These results will assist the feasibilitystudy in determining if
special precautions or criteria are needed for specific contaminants when the sediments are
exposed during a possible treatment option or when an isolation barrier or cap is designed for
sediment containment.

The migration pathway for sediments at the Seaplane Lagoon and the Landfill Wetlands will be
further analyzed through evaluation of sediment geochemistry. The sediment and pore water
samples needed for bioaccumulation and toxicity tests are bulk samples that represent near-
surface sediments. The integration of geochemical with toxicological studies will determine if
toxicity was a consequence of sediment disturbance rather than chemical toxicity.

The traditional models that simulate chemical release from sediments are based on chemical
transport by molecular diffusion modified by metal speciation reactions and organic chemical
partitioning by sorption processes. Geochemical modeling assuming sulfide generation at depth
and linear organic sorption will be used to estimate fluxes into and out of the sediments at the
Seaplane Lagoon and at the wetlands site.
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The assumption of the dominance of diffusion for chemical transport will be verified by field

scale water flow studies at the lagoonand the wetland sites. Water flow in the Landfill Wetlandwill be quantified by direct measurement through an infiltration test (observations of water
loss). Site-specific measurements of sediment properties and the depth of strata, and
application of Darcy's law to site conditions will provide estimates of water flow in the
Seaplane Lagoon. If flow is significant, then transport estimates can be improved over the
conventional assumption that diffusion is the dominating mechanism.

6.2 TIME COURSE OF INTRINSIC REMEDIATION

The microbial, geochemical, and radioisotope analysis applied to the lagoon, wetlands, and the
uplands sites will directly indicate the transfosmations that have occurred to date, and will
provide an empirical basis for estimating futurc transformation rates.

For the Seaplane Lagoon the geochemicalprofile of the sediment redox chemistry provides the
necessary data to compute advective or diffusive fluxes of electron acceptors that drive
microbial transformations. These fluxes are expected to be at or near steady state rates over
time scales of years assuming there has been no disturbance of the sediment profile. The
carbon isotopic profile of the lagoon sediments provides additional information on the source
of organic carbon that is driving the sediment redox chemistry.

Of particular interest for intrinsic remediation is the consumption of fuel hydrocarbons
compared to natural organic matter because PAHs and PCBs are likely sequestered with the
hydrocarbon phase at the high concentrations found within the lagoon sediments. The age-
dated sediment profile and corresponding PCB congener changes discussed earlier provide the
data to determine an overall PCB dechlorination rate that will be used to extrapolate the future
time course of PCB dechlorination. Similarly, the analysis of tracers within the fuel
hydrocarbons will permit determinationof an overall oil degradation rate within the sediment
profile. If the data available to us justify, the PAHs will be scaled with the hydrocarbon
degradation.These calculations will arrive at overall rates for transformations of the organics.
Given the expected loading of natural organic matter to the sediments and the high sulfate levels
in the water column, the studies will show that the trace metals will either remain as sulfide
solids or be transformed into them, and thus not be released.

For the wetlands, the time course of remediation cannot be estimated without fh'st
understanding the nature and to some limited extent, the spatial distribution of chemicals and
site conditions. Geochemical, microbiological, and transport tools will be applied to the
contaminants determined to be significant from ecotoxicology and bioaccumulation studies.
Since a good age-related sediment profile is unlikely, PCB transformation rates will be
assumed to be similar to those determined in the lagoon under similar redox conditions.
Petroleum hydrocarbons and PAH degradation rates over time will be estimated from
geochemical, microbial, and isotopic data, and extrapolating to the future under the current
hydrodynamic conditions.

Thus, field and laboratory based measurements will provide the data needed to assess the rates
at which intrinsic bioremediationwill proceed under ambientconditions in the Seaplane Lagoon
and the West Beach Landfill Wetland.

6.3 REMEDIAL STRATEGIES FOR ENHANCED REMEDIATION

As part of the characterizationdatacollected as part of this effort, the consequences associated
with a number of active remedial approaches can be evaluated, including disturbance-induced
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dredging, exposure of deeper sediments, accelerating favorable biological transformations, and
capping.

Any activity to remove the contaminated sediments from the Seaplane Lagoon will disturb the
current sediment profile. Both hydraulic dredging and bucket dredges result in resuspended
bottom sediments that originate in an anoxic environment and become mixed with oxygenated
seawater. The studies in this program on sediment disturbance and leaching will determine the
expected time course of metal and organic transformations and the changes, if any, in toxicity.
There are options in sediment removal that might be able to minimize water column effects once
these disturbances are determineddepending upon which contaminant is the most significant.

Another consequence of sediment removal is the exposure of previously buried sediments that
are not in chemical equilibrium with the overlying water column. Following removal of the
overburden, the sediments will chemically and microbially re-equilibrate through the diffusion
of oxygen and sulfate into the sediment layer. This exposed sediment will likely not be free of
contaminants and our profilingexperiments of chemical and toxic responses will determine the
likely consequences of exposure for short and long time scales.

The field data collected during this effort, combined with a literature review on biochemical
pathways for contaminant transformations, will suggest possibilities for enhancing the natural
rate of biological remediation. For example, literature shows that anaerobic conditions that
generate methane are found to be favorable for PCB dechlorination. Similarly, near surface
oxidation of natural organic matter, fuel hydrocarbons, and some PCBs might be promoted by
controlled injection of oxygen or other electron acceptors into the near surface sediments. The
laboratory leachability study of the lagoon sediments will support the evaluation of upland
treatment systems.

One option considered in most contaminated sediment situationsis the capping of sediments in
place or the placement of a cap over disposed sediments following dredging. Cap placement
over weakly consolidated sedimentscomposed of fine grained material has not been adequately
considered in the engineering literature. This study's estimates of consolidation will include the
expected consolidation of the sediments if capped in place and provide for an estimate of the
time course of water flow induced by cap overburden. These data will permit analysis of the
cap thickness needed to protect the overlying water column from long term releases.
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7.0 QUALITY ASSURANCE PROJECT PLAN
This section presents the qualityassurance/qualitycontrol proceduresto be followed for the

_' Intrinsic Sediment Processes Study. The project quality objectives are to provide field and
laboratory data of sufficient quality to characterize the chemical and physical characteristics,
toxicity, and biological transformation processes that are intrinsic to Site 17 (the Seaplane
Lagoon) and Site 2 (the wetlands portion of the West Beach Landfill area).

Data quality objectives (DQOs) are critical to obtain data that are acceptable for their intended
uses in ecological assessments or feasibility studies. As discussed above, the BERC studies
primarilywill rely on innovative methods to evaluate intrinsic processes in sediment systems.
Such innovative methods have less experience from which to predict method performance, and
this limitation includes the effects of matrices, outside interferences, and possibly other
environmental variables (temperature, water quality, etc.). With regard to estimating rates of
intrinsic processes, the rate of a process is a function of these natural (intrinsic) properties of
the system and which are always site-specific.To provide data that meet the intent of the
process, the studies to be conducted by BERC will be subjected to a thorough review process
that includes independent reviews by the Principal Investigator and the Contractor Quality
Control Program Manager (CQCPM), a meeting of selected experts to critically review data
and results, and a peer review of written reports conducted by the CQCPM. These quality
control and quality assurance steps will then provide data of the highest quality for an
informed use by the Navy and its contractors in the decision-makingprocess at NAS Alameda.

7.1 DATA QUALITY OBJECTIVES

Data quality objectives (DQOs) for this projecthave been established in accordancewith the
procedures described in Section 8.3.3 of the ContractorsQuality Control Program Plan
(CQCPP). DQOs generally describe how the data will be collected to provide specific
information;qualitydata are then numericalvalues that aresufficientlydefinedfor a particular

_' use. Data obtained using standard methods, such as publishedby regulatory agencies, are often
evaluated based on past experience, collaborative testing, and continued proficiency testing by
commercial laboratories. By comparison, innovative methods often have limited use and
sometimes require specialized equipment, and require specialized expertise for evaluations.
Data from innovative methods may have inherent uncertainties due to interferences, artifacts,
and the effects of matrices associated with sample character (such as other chemicals present,
difficulties with different sample properties). Criteria used in the DQO process address
precision, accuracy, representativeness, completeness,and comparability of the data obtained.

A DQO developmentprocess developed by the U.S. EPA includes seven stages (see Table 7-
1). The process draws from experience specificallybased on obtaining data for regulatory use
in risk assessment and remediation decision making. The process implicitly assumes that
standardizedmethods are established such that experiencehas optimized the procedures for the
analyses of interest, and the expected accuracy, precision, comparability, and
representativeness of the measurements are defined. The process generally applies to all data
collection activities, but for more innovative methods, the performance variables are less
known or cannot be anticipated. For innovative methods, specialized expertise and judgment
applied during the measurements is often required to determine the applicability,
appropriateness and overall quality of the resulting data and information. The stages of the
seven step process are identified on Table 7-1 with a description of how the DQOs are met for
this project.

In setting the project DQOs, the studies in the proposed project are primarily intended to
provide data for processes that are intrinsic to sediments at the sites, and use innovative
techniques performed by the BERC team. The information from individual studies are not
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intended to be used as sole criteria for decisionmaking at NAS Alameda, but rather to be used
with other data to develop an understanding of site conditions and processes. This
understanding along with other data obtained using regulatory-approved methods will be used
in the evaluation of risk and remedial alternatives. The reports prepared for each task in this
study will discuss the DQO criteria as they pertain to the use of the data; this information may
also be used in formulating future DQOs if the methods provide exceptional information that
warrant further measurements that will be singularly critical in the decision making process.

7.2 QUALITY CONTROL CRITERIA

Project quality control criteria will include precision, accuracy, representativeness,
completeness, and comparability (PARCC) parameters. Projectspecific limits for the methods
_e addressed in the Sampling and Analysis Plan. Each of the participating laboratories (from
UCB, LLNL and LBNL) will be independently responsible for daily quality control and the
quality control data will be independently reviewedby the project chemist.

7.2.1 Analytical Procedures
The analyticalprogramfor the IntrinsicSedimentProcesses Study includesthe innovativeand
recently developed measurements and tests described in Section 5 as well as standard analytical
techniques, These measurements include:

• Acoustic imaging of sediment stratigraphy

• Geochemical measurements on pore water and sediment solids

• Toxicity studies

• Toxicity identificationevaluations

• Bioaccumulation studies

• Measurements of sediment properties

• Water seepage flow in Seaplane Lagoon and Landfill Wetlands

• Transformation rate estimates based on sediment profile characteristics and simulated
field measurements

The frequency of samples that will be characterized is summarized in Tables SAP-I and SAP-2
of the SAP. All measurements will be performed by trained and experienced graduate students,
scientists or technicians under the direction of a Co-Principal Investigator. All methods and
results will be supervised and reviewed by the senior staff scientists and/or university
professors at the respective laboratories.

The two sediment cores that will be examined by the project team at the site will be transported
to the laboratory of the lead Principal Investigator as alternative sample sources to specific
cores collected. Used PPE and equipment will be collected and appropriately disposed.

7.3 SAMPLECUSTODY

Throughout field samplingactivities, properchain of custody procedureswill be followed to
demonstrate that sampleswere obtained from the locations stated and that they have reached the
laboratory without alteration. Documentationof this will be accomplishedusing the Chain of
Custody Record (COC). Chain of custody procedures will be implemented in accordance with
SOP I. I and as described in Section 9.6 of the CQCPP. Copies of the completed COCs will be
provided to the Project Chemist and maintained in the project files by serial number.
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7.4 CALIBRATION AND MAINTENANCE OF MEASURING AND TEST

EQUIPMENT

_' Anticipated laboratory and field measuring and test equipment (M&TE) that will require
calibration is identified in the SOPs. Calibration and preventive maintenance procedures for this
equipment, and any additional equipment that may be required for the project, are addressed in
Section 15 of the CQCPP and in SQP 8.2, Calibration and Maintenance of Measuring and Test
Equipment. The Contractor Project Manager will ensure that all equipment used in activities
affecting quality will be calibrated according to these methods and procedures; laboratory
directors, laboratory personnel, field superintendents, and field personnel will be responsible
for implementing the procedures Each item in the calibration program will be uniquely
identified to assure its calibration status and identify the recalibration due date.

M&TE will be calibrated prior to use at the project site and at prescribed intervals thereafter,
including at the completion of fi_'ld work each day, in accordance with the manufacturer=
recommendations. Calibrations will be performed by trained and qualified personnel. Records
of calibration will be maintained by the Project Chemist for the items used on site. The
laboratories will be required to implement and document an effective control program for
M&TE used to perform the analyses. The calibration program will be audited by the Project
Chemist to verify conformance to laboratory protocols and project requirements. Calibration of
each piece of equipment will be recorded on the Test Equipment List and Calibration.

7.5 QUALITY CONTROL SAMPLES

QC sampling will be performed for this project to monitor and assess the quality of laboratory
and field procedures. QC samples to be collected include appropriate field and laboratory
blanks and laboratory replicate samples. Laboratory replicate samples will be characterizedat
the frequency specified in the SAP.

_' Laboratory QC samples for the conventional laboratory methods include method blanks,
laboratory,control samples, laboratory duplicate samples, and surrogate spikes. The frequency
and method for analyses of these samples is addressed in Section 10of the CQCPP.

7.6 SAMPLE COLLECTION, PRESERVATION AND HOLDING TIMES

Samples to be collected during the proposed studies include soil gas, soil, and groundwater
samples. The numbers of samples to be analyzed and the required analyses are specified in the
SAP. The required containers, preservation methods, and holding times for the Treatability
Study assays are also summarized in the SAP.

7.7 SAMPLECOLLECTIONLOGBOOK.
A sample collection logbook will be filled out for all samples collected. The sample collection
logbook will include the following information:

• collection date and time

• projectname
• unique sample number

• sample location and type

• container type and preservative

• compositing information

• depth of sample
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• weather

• field observations _W'
• problems encountered

• name of sample collector

Copies of the sample collection logbooks will be given to the Project Chemist to be filed in the
project files.

7.8 DATA REDUCTION_ VALIDATION_ AND REPORTING

The procedures and data for each method will be documented in bound laboratory notebooks
and Excel spreadsheets. Recorded data will be transferred to the computer within one month of
collection and cross checked for accuracy. Data will be reported on the forms specified in each
SOP include d in Appendix A or other specific data management proced_ :res for each assay as
addressed in these SOPs.

In accordance with the requirements of Section 10.9.1 of the CQCPP, each laboratory will
reduce the analytical data for standard analyses using procedures described in U.S. EPA
document SW-846 (U.S. EPA, 1994c). The data will be verified'by the laboratory and the
Project Chemist according to the requirements of Section 10.9.2of the CQCPP.

The laboratory will report all results in laboratory reports which will include the following at a
minimum:

• a case narrative

• copies of COC forms

• analytical results for all samples included on the COC including dilutions and
reanalyses and the laboratory detection limits used.

• analytical results for all required laboratoryquality control samples

Independent of the laboratory review, the Project Chemist will perform data validation for ten
percent of all analyses performed by standard analyticalmethods as specified in Section 10.10
of the CQCPP. The procedures to be used for data validation are contained in USEPA Contract
Laboratory Program National Functional Guidelines Organic Data Review (U.S. EPA, 1994a)
and in USEPA Contract Laboratory Program National Functional Guidelines for Inorganic
Data Review (U.S. EPA, 1994b). For parameters that are not included in these guidelines, the
evaluation will be performed following HAZWRAP in DOE-HWP-65/RI.

7.9 QUALITYCONTROLMEETINGS
The Project Chemist willensure that the following meetings are conducted in accordance with
the requirements of Section 3.0 of the CQCPP:

• A coordination and mutual understanding meeting, held prior to the start up of the
TreatabilityStudy

• Quality control meetings, held quarterly followingthe start up of the Treatability Study.
The Contractor Quality Control Program Manager will submit meeting notes to the
U.S. Navy Remedial Project Manager within one week of each meeting
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TABLE 7-1

_' Summary of Data Quality Objectives for Intrinsic Sediment Processes Study

Statementof The Intrinsic Sediment Processes Study will evaluate the intrinsic
Problem: processes that occur in sediment in the Seaplane Lagoon (Site 17), and

in sediments and the vadose zone at the West Beach LandfallWetlands
(Site 2). The study is funded through Delivery Order 4 to Navy and
UCB Partnership Agreement, issued by the Navy. The proposed study
will utilize the resources from UCB, LBNL, and LLNL. The technical
reports for this study will be reviewed by the Navy, regulatory
agencies, and the Restoration Advisory Board.

Identify the The Intrinsic Sediment Processes study will provide information on
Decision topics related to decisions on remedial options for the Seaplane

Lagoon, and on future management options due to conditions in the
Landfill Wetlands. The results of the studies will be used with data
from other investigations to evaluate the risk posed by current
conditions to human and ecological health, and whether remedial
alternatives will alleviate or exacerbate these risks in a short term
(sediment disturbance) or long term context.

Identifying Inputs The Intrinsic Sediment Processes Study includes field studies and
laboratory studies at Site 2 and 17that address the topics:

• The chemical composition of pore water and speciation of
sediments

• The survival and developmental toxicity of pore water and at the
sediment water interface

• Bioaccumulationof selectedorganic chemicals from sediments
• Sediment depositional history, and water transport at sites
• Transformation reaction in sediments and soils by product analyses

isotope ratios, and field studies

• The leachate composition from disturbed sediments and the toxicity
of disturbed sediments

The studieswill be accomplished using innovative methods as well as
the specializedequipment and expertise available from UCB, LBNL
and LLNL. The methods and equipment are documents in the Work
Plan and in the Sampling and Analysis Plan (SAP). Action levels for
specific chemicals have not been set for these sites, and the results
from the proposed can be used in evaluating risks from existing
conditions as well as from future conditions. (See Table 5-3).

Define The proposed studies have been planned based on incomplete data that
Boundaries describes the extent of chemicals present, and very tittle data are

available on the physical characteristics of the lagoon and Landfill
Wetlands (seawalls and levees). Several studies (notably acoustic
imaging and sediment profiles) will also provide a better definition of
the sediment depth and depth of chemicals present.
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TABLE 7-1
(Continued)

Develop If study results demonstrate the intrinsic processes control the
DecisionRule availability of chemicals from sediments at the sites and that the

potentialtoxicity and bioavailabilityassociated with Navy chemicals is
low, then a "no action" option may be included in feasibility studies for
these sites. The studies will also evaluate the depth of selected chemical
constituents using innovative methods. Alternatively, if the studies
show that short term toxicity and bioavailability is increased or
unchanged, then the "no action" decision also must be considered in
the feasibility studies for these sites.

SpecifyLimits The Work Plan and SAP (including SOPs) discuss the reporting limits
on Decision and the basis for the methods that determine the accuracy of the
Error measurements, The results of the several studies will be used in

making pivotal decisions, and therefore the consequences of false
positive or false negative data are minimized for this study, and for
decision making.

Optimizethe The design of each study has been optimized based on available site
Design data and the method to be conducted. For most methods, sampling and

methods application are focused on evaluating intrinsic processes as a
function of depth, and not for a lateral comparison of data. As stated in
the text, given the innovative nature of many of the methods, the
expertise of the Co-Principal Investigators will also be required to
redefine quality performance and potential data uses depending on the
outcome of the pressed studies.

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
Work Plan, Draft Final February 1997



8.0 REPORTING
The proposed Treatability Study program consists of a number of individual studies to assess
the chemical characteristics, toxicity and behavior of chemicals in sediments at the two sites.
Progress and adherence to schedules will be reported in the Monthly Contract Performance
Report submitted to the Navy.

Because the separate studies will likely be completed on different schedules, complete technical
reports for each study will be prepared within 3 months after the laboratory and data analysis
phase of the study is complete. Technical reports for the individual studies will be reviewed for
adherence to the Work Plan and format by the Contractor Quality Control Program Manager.
With approval of the Program Director, the technical report will be sent to the Navy for
informational purposes. With the Navy's concurrence, the technical report will be sent for peer
review. Based on peer review, the technical report will be ,evised and submitted to the Navy as
a Draft Technical Report. Following Navy review and revisions by BERC, the technical
reports will be retained and combined in a Final Report for the Delivery Order.

Six technical reports will be submitted, corresponding to the task organization depicted in
Figure 3-1 and 3-2. Results of the disturbance studies will be reported in the respective
sections on chemical characterization and toxicity studies. These reports include:

• Physical Characterization of Sediment

• Chemical Characterization of Pore Water and Sediment

• Pore Water and Sediment Toxicity

• Bioavailability Evaluation

• Transport Processes Assessment

• Intrinsic Transformation Processes

BerkeleyEnvironmentalRestorationCenter IntrinsicSedimentProcessesStudy
WorkPlan.DraftFinal 8-1 February 1997



9.0 PROJECT MANAGEMENT

9.1 SCHEDULE

The implementation schedule for the proposed studies are presented in Figures 9-1 and 9-2.
Mobilization for the initial Seaplane Lagoon sampling phase of the project will require
approximately one month following notice to proceed from the Navy. As indicated in the schedule,
the Acoustic Imaging task will be conducted first, and requires no sampling efforts. BERC has
requested that this effort be allowed to proceed ahead of the final approval of the complete project
schedule and tasks, as the information from the acoustic imaging is critical for both BERC's
activities and for PRC's investigations. The plan for the initial sampling effort is to collect the
deeper boring samples using a subcontractor with deeper coring experience to get a number of
tasks underway as soon as possible. Laboratory studies using sediment samples will begin
immediately after sample collection. The rest of the sampling efforts in the Seaplane Lagoon
(toxicity and TIE) can be completed using facilities and personnel from LBNL and LLNL with
appropriate experience for surface sediment sampling.

9.2 ORGANIZATION AND RESPONSIBILITIES

Management and supervision of field sampling activities at the Seaplane Lagoon and the West
Beach Landfill Wetlands will be performed by ATG, BERC's lead subcontractor; UCB's Health
and Safety officer has prime authority over all persons onsite during sampling, acoustic imaging,
and other field activities. All laboratory studies will be conducted within the facilities of the
respective participating groups (LBL, LLNL, UCB)., and the health and safety activities.
administration, general training, equipment maintenance, and other management functions will be
performed under the authority of the respective organizations.

Dr. James R. Hunt of UCB, Department of Civil and Environmental Engineering, will be the
Principal Investigator for project. Dr. Hunt will be responsible for technical oversight for the
project, and will be assisted by Co-Principal Investigators from UCB, LBNL, and LLNL. The list
of the Co-Principal Investigators follows. BERC subcontractor staff provide assistance for
assuring compliance with the overall Program purpose and objectives as described in this
Workplan and the Contractor Quality Control Program Plan, dated May 24, 1996. Arvind
Acharya, R.G., of ATG, Inc. is Contractor Project Manager, William Mabey, Ph.D., of ITSI, is
the Contractor Quality Control Program Manager, and Peter Yimbo, Ph.D., of the Ellington
Group, is Project Chemist.

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
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Task Investigator Laboratory_

Organization _

Acoustic Imaging Dr. Patrick Williams, UCB None

Chemical Characterization Dr. Susan Carroll, LLNL LLNL

of Pore Water and SedimentToxicity Geochemistry
Laboratory

Toxicity Identification Evaluation Dr. John Knezovich, LLNL LLNL
Environmental Chemistry
Laboratory

Bioaccumulation Dr. Donald Weston, UCB Skidaway
Institute of

Oceanography

Transport/Lead-210 Dating Dr. James Hunt, UCB Dr. Brad Esser,
LLNL Isotope
Division

Transport/Physical Properties Dr. Nicholas Sitar, UCB UCB Graduate
Geotechnical

Laboratory

Transforrnation/PAH Dr. James Hunt, UCB Scott Mountford,

and PCB Products LBNLEnvironmental
Measurement

Laboratory

Isotope Measurements Dr. Mark Conrad I.,BNL
Isotope Sciences
Division

Laboratory

Methane Production in Lagoon Sediments Dr. Mary Firestone, UCB UCB Soil
Science
Laboratory

Transformation/PCB and PAH Studies Dr. Mary Firestone, UCB Scott Mountford
LBNL
Environmental Measurement
Laboratory

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
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Figure 9-! j_r
Task Schedd_ ._eiplene Legoon Field Program

WEEKS _..._

TASK DESCRIPTION 2 314 5 6 7 8 i gJf011! 1:13 14 tS B 9!!0 11 12 I:

Nohce to Proceed ......... [_ ......

Procurement and Subcontractir_g. __ ....

_Silo_Pr_ep_aljon ......
PhysK;al Characterization of Sediment-Contractor Sedimenl Sampling (Phase I) m

Mobd=zallonfor Phase I

Collection of Sedwnent Core for Teem Evaluation _

Collection of Sedlmet=l Core Samples m ..,.-=1

Demobilization Item Phase I Sampling ._J__, --_ ......
Physical Characterization of SedimenI-Sudece Sediment Sampling (Phase II) , --

Mobilization for Phase II
Collect=onof Surface Sediment Samples (a) I

I

Collection of Sudace Sediment Samples (b) !

Demobilization from Phase If Sampling ' !
Piezomeler Instillation (TAD) I

o_tWater-Level MonRoring Sludy (TBD) ! ....Conduction

ChemiCal Characterizalion of Pore Water and Sediment I
Microelectrode Measurements in Sediment Core Pore Waters

Pore Water Constituent Measurements

Sediment Bulk Mmerilogical and Chemical Analyses

Sediment Metal Specialion Analyses

Modeling of Metal Speciation in Pore Water
Dale Analysis

Pore Water and Sediment Toxicily Tests m _ = I
Sudace Sediment Pore Waler Toxicity Test : .... i i
Sudace Sedsmenl/Waler Interlace Corer (SWIC) TosI ....

Subsudace Sediment/Water Interface Corer (SWIC) Test _

Pore Water Toxicity Identification Eveluetwn (TIE) I i I II
Sudece Acid Volatile Sulfide (AVS) end Simullineoualy Extracted Metal (SEM) ,.... m _
Subsudace Acid Volatile Sulfide (AVS) end Simultaneously Extracted Metal (SEM)

Data Analysis

Draft Report Presentellon I !
iBioavallability Evaluation

5udece Bwllve Test I _

Subsut/ace Bivalve Tell m _

Sudace Digestwe Fluid Extraction m_
Subsudice Digestive Fluid Extraction I

Sediment/Water Partitioning Evaluation _'=|m
/

Data Analysis IDrill Re_:)rl Presentation
Transport Processes Assessment !

Leed.2tO ProhM in Sediment

Meisuremenl el Lagoon Sedimenl Properties

°- il!Drill Report Prel_raflon
Meuuremenl oQSeepage Fluxel In SelNplInoLagoon (TBD) i i i

Intrinsic Transformation Processei ,,

Fingerprinting of PAHI. PCBI, Hy(k'ocld)one end H_dl_n Ttl_era
Sources ot Trenatormetk_'l Pro</u_clsUaklg liolope Measurements

intrinsic Productmn of Methane in Anaerobic Ligoon Sediments
Int;msic Transformation of PAHI imd PCBI in Anaerobic Lagoo_ Sedimenll

Conslramts on Ttlnsfo4'meltoo of PAHs and PCBs in Anaemblc Lagoon Sediments

Data Analysie

Draft Report Preparation

Leichlto Characterization from Dh.urpad Swap/wee Lagoon Sodlmenfi 0

Sudace ToxicHy of Disturbed Sediments
Subsudece Toxicity of Disturbed Sediments

Data Analysis

Draft Report Proparltlon ,



Figure 9-2
Task Schedule for West Beach Landfill Wetlands Field Program

TASK DESCRIPTION 0 1 2 3 I 4 5 6 15116 17 11 19120 21 22 24 7 9 110111112 13 'l,r
Notice to Proceed

Procurement and Subcontracting --

Site Preparalidn I : ----
Physical Characterization of Sediment-Contractor Sediment Sampling (Phase I)

Mobilization lot Phase I

Collection of Sediment Core for Team Eveluallon

Collection ol Sediment Core Samples

Demobilization from Phase I Sampling
Physical Characterization of SedimenI-Sudace Sediment Sampling (Phase II)

Mobdizalion for Phase II

Collection o# Surface Sed_nent Samples (a)
Collection ol Sudace Sediment Samples (b)

Demobdizslion from Phase II Sampling

Piezomaler Installalion (TBD)
Conduction ol Water-Level Monitoring Study (TBD)

Chemical Characlerizalion of Pore Water and Sedimenl
Mlcloelectrode Measuremenls m Sediment Core Pore Walers

Pore Water Conshluenl Measurements

Sediment Bulk Mineralogical and Chemical Analyses

DraftDataM°dellngAnalyslSReport°lMelalpresentationSpeclalionin Pore Water i

Se_d_men_lIvlela!_SL)ecjali_onAnalyses (TBD) ......
Pore Water and Sediment Toxicity Tesls

Surface Sediment Pore Water Toxicity Test

Pore Water Toxicdy Idenlif0cailon Evaluation (TIE)
Surface Acid Volatde Sulhde (AVS) and Simultaneously Extracted Metal (SEM)

Data Analysis

. Drah_orl Presentation
Bioavailabilily Evaluation

Surlace Bwalve Test

Surlace Digestive Fluid Eslraclion
SedimentlWater Parlilioning Evaluation
Dala Analysis

_ Draft Report Presenlalion

Transport Processes Assessment-Tidal influence Study _ Landfill Wetlands I i

Mobdizalion for Tidal Influence Sludy

Inslallahon OI Waist-Level Gauges

Blocking of Culverl Pipes
Conduclion of Water Level Moniloring Sludy
Demobdizalion from Tidal Influence Sludy

Data Analysis

Draft Report PrasenlaliOn
Inlrinsic Transformation Processes

Fingerprinting of PAHs. PCBs. Hydrocarbons and Hydrocarbon Tracers
Sources of Transformation Producls Using Isotope Measuremenls
Inlrinsic Produclion of Melhane in Anaerobic Welland Sediments
Transformalion of PAHs and PCBs In Vadose Zone Soil Plots

Data Analysis

Orall Report Preparation
Processes m Dislurbed Sediment Syslems

Leachers Characterization Irom Disturbed West Belch Landfill Wetlands Sediments

Surface Toxicity of Disturbed Sedimanls I
Oala Analysis IDraft Report Preparation
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SUSAN LESLIE ANDERSON, Ph.D.

Overthe pastdecade,Dr. Andersonhas directedinvestigationsin aquaticecotoxicology. Of particularinterestam
projects applying genetic and reproductive toxicology to evaluations of ecological health. This _ focus is
complementedby extensiveexperienceinecologicalriskassessmentandits applicationinenvironmentalpolicy.

EDUCATION

Ph. D. Ecology,Universityof California,Davis, 1978-1984

B.A.(Honors)OccidentalCollege,Los Angeles,California,1972-1973,1974-1976

DartmouthCollege,Hanover,NewHampshire,1973-197,;

PROFESSIONAL HISTORY

lawrenceBerkeleyLaboratory,EnergyandEnvironmentDivision, Berkeley,CA, Staff Scientist 1990-1995,
Eo :logical Research Group Leader 1995-.

CaliforniaWater Quality Control Board,San FranciscoBayRegion, Oakland,CA, EnvironmentalSpecialist
March1986to May 1990.

LawrenceLivermore National Laboratory,EnvironmentalSciences Division, Livermore,CA, Postdoctoral
ResearcherJuly 1983- March1986,ConsultantMarch1986to March 1989.

U.S.NationalMarine FisheriesService,Tiburon,CA,ConsultantJune - November1982.

Lockheed Center for Marine Research, Diablo Canyon Nuclear Power Plant, Avila Beach, CA, Staff Scientist
June 1976- August1978.

KEY ACCOMPLISHMENTS

GENETICAND REPRODUCTIVE ECOTOXICOLOGY:Establishedrelationships between genotoxic and
rep_uctive damageusing aquaticandterreslrialorganismsandincludingmultigenerationimpacts. Evaluated
genotoxiceffectsassociatedwithincreasingUV-Bin AntarcticaandAlaska.

ECOLOGICALRISKASSESSMENT:Developeda hazardassessmentandriskmanagementschemeto evaluate
andcontrolrisktoaquaticlife fromoceandisposalof low-levelradioactivewastesandconductedresearchon the
genotoxicandreproductiveeffectsof ionizingradiation.

AQUATICTOXICOLOGY:Establishedfirstcomprehensivetoxicity biomonitoringprogramin San Francisco
Bayto assessimpactsof wastedischargepracticeson the healthof theestuarineecosystem.Evaluatedeffects of
pollutantson wetlandecosystemsof SanFranciscoBay, resultingin successfulredesingof a treatmentmarsh.
Validatednewtechniquesforsedimenttoxicityassessment.

ACADEMIC AWARDS

PewScholarin Conservationandthe Environment,1992(amongIn'st 30worldwide)

LawrenceBerkeleyLaboratoryOutstandingPerformanceAward,1993

Lemer-GrayFund forMarineResearch,DoctoralResearchAward,AmericanMuseum of NaturalHistory, New
York, 1982

FiveUniversityof CaliforniaDavisgraduateresearchawards,1979-1982

OccidentalCollege InternationalFellowship-undergraduateawaMfor researchin France,1975 (receivedmedal
fromFrenchoceanographicagency,CNEXO).

PROFESSIONAL AFFILIATIONS

Society of Environmental Toxicology and Chemistry

EnvironmentalMutagenSociety

GeneticandEnvironmentalToxicologyAssociation



COMMITTEE MEMBERSHIPS

Member, Executive Committee of the University of California Toxic Substances Research and Teaching
Program (1990-1995)

Chair,NapaConferenceon GeneticandMolecularEcotoxicology (1993)

Member, Executive Committee and Faculty Afl'diate, Energy and Resources Group, University of
California,Berkeley(1993-present)

Chair, Technical Advisory Commiuee, USEPA SanFrancisco Estuary Project(1988-90)

Me_nber,Stateof California MarineBioassay Protocol Review Committee (1992-presen0

Member, GESAMPAJNEPWorkingGroup No. 33 on Biomarkersand MarinePollution (1994)

Member, SETAC New InitiativesCommittee (1993-94)

PUBLICATIONS

Anderson,S.L. 1977.Artisanalmethodsin Frenchoysterculture:a regionalcomparison.Proceedingsof the
WormMariculture5ociety8:373-386.

Hines, A., S. Anderson, and M. Brisbin. 1980. Heat tolerance in the black abalone, Haliotis cracherodii l.xaclL
1814: effects of temperature fluctuation and acclimation. Veliger 23(2):113-118.

DeVlaming, V., D. Baltz, S. Anderson, R. Ritzgerald, G. Delahunty and M. Baridey. 1983. Aspects of
embryo nutrition and excretion among viviparous embiotocid teleosts: potential endocrine involvements.
Comparative Biochemistry and Physiology 76:189-198.

Anderson,S.L. 1984.Molt andReproductionof theRidgebackPrawn,Sicyonia ingentis (Penaeidae).Ph.D.
Dissertation,Universityof CaliforniaDavis.

Anderson,S.L.,W.H.Clark, Jr., andE.S. Chang. 1984. Tuningof postvitellogenicovarianchangesin the _'
ridgebackprawn,Sicyoniaingentis(Penaeidae)determinedby ovarianbiopsy.Aquaculture42:257-271.

Anderson,S.L., W.H. Clark,Jr., and E.S. Chang. 1985. Multiple spawningand molt synchronyin a
free-spawningshrimp(Sicyoniaingentis:Sicyoniidae).BiologicalBulletin168:377-394.

Anderson, S.L., L. Botsford, and W.H. Clark, Jr. 1985. Size distributions and sex ratios of ridgeback prawn
(Sicyonia ingentis) in the Santa BartmmChannel, 1979-1981. California Cooperative Fisheries Investigation
Reports 26:169-174.

Anderson,S. and F. Harrison. 1986. Effects of Radiationon AquaticOrganisms and-Radiobiological
MethodologiesforEffectsAssessments.U.S. EPA, Washington,D.C. (F_,PA520/1-85-016).

Kranter,P., S. Anderson,andF. Harrison.1987.Radiation-inducedmicronucleiin peripheralblooderythmcytes
of Ranacatesbeiana:an aquaticanimal model for in vivo genotoxicitystudies.EnvironmentalMutagenesis
10:285-296.

Anderson,S., F. Harrison,G. Chan andD.H.MooreII. 1988.Chromosomalaberrations,mduc_ fecundityand
lifespanin irradiated polychaeteworms. U.S. EPA,Washington,D.C. (EPATechnicalReport520/1-87-007).

Harrison, F.L. and S.L. Anderson. 1989. Reproductive success as an indicatorof genotoxicity in the polychaete
worm, Neanthes arenaceodentata. Marine Enviromnental Research. 28:313-316.

Harrison,F. and S. Anderson. 1989. Chapter 30. Effects of radiationon reproductivesuccess of the polychaete
worm Neanthes arenaceodentata. IN: Interim Oceanic Description of the Northeast Atlantic Site for the Disposal
of Low-Level Radioactive Wastes (IOD-3). NuclearEnergy Agency (NEA), Paris, France.

Anderson, S., F. Harrison,G. Chan and D.H. Moore. 1990. Comparison of whole animal and cellular bioassays
in the predictionof radiation effects on marine organisms. Archives of Environmental Contamination and
Toxicology. 19:164-174.



Anderson, S., G. Wild, D. Littlejohn and J. Harm.Multigenerationexposures to genotoxic agents cause sterility
;_ the nematode Caenorhabditis elegans. For submittalto Nature Letters.

Anderson, S. and G. Wild. An assay fordetectingsublethal effects of contaminants in sediment pore water using

the nematode Caenorhabditis elegans. Forsubmittal to Environtnental Toxicology and Chemistry.

Gray, E. and S. Anderson. Effects of of mitomycin-C on female germ cells of the Japanese medaka Oryzias
latipes. For submittal to Ecotoxicology.

D. Karentz, I. Bosch, J. Hoffman and S. Anderson.Responses of Antarcticsea urchins to laboratory and solar
ulwaviolet-B exposures. For submittal to Marine Biology.

Anderson, S., J. Hoffman and M. Wilson. Genotoxic and developmental responses to arsenic exposure in three
species. For submittal to Bulletin of En_'ronmental Toxicology and Chemistry.

OTHER PUBLICATIONS AND REPORTS

Dr. Anderson has published nunterous UC series and national laboratory reports: these are only cited below i3
they contain substantial information that was not published, inpress, or submitted elsewhere.

Anderson, S. and S. Hansen. 1982. Determination of West Coast GroundfmlaPrimary marketing channels.
National Marine Fisheries Service, NOAA, Contract 82-ABA-2087, La Jolla, CA.

Anderson, S. and F. Harrison. 1986. Regeneration used in an improved genotoxicity assay for adult polychaete
worms (Neanthes arenaceodentata). UCRL no. 95749.

Ritchie, S., S. Anderson, D. Tempelis, M. Carlin and K. Garrison. 1986. Water quality control plan for the San
Francisco Bay Basin. California State Water Resources Control Board, Sacramento, CA.

Anderson, S., W. Pease, M. Carlin and T. Mumley. 1987. San Francisco Bay Regional Water Quality Control
Board EffluentToxicity CharacterizationProgram. Guidelines of the San Francisco Bay Regional WaterQuality
Control Board. Oakland, CA.

_' Pease, W., K. Taylor, and S. Anderson. 1989. Toxic Substances of Concern and Potential Water Quality
Objectives for the Protection of Aquatic Life and Human Health. Technical Report No. 1, Planning Division
San Francisco Bay Regional Water Quality Control Board Oakland CA.

Anderson, S., E. Hoffmann, D. Steward and J. Harte. 1990. Ambient toxicity characterizationof San Francisco
Bay and adjacent wetland ecosystems. LBL ReportNo. 29579.

Anderson, S.L. 1992. Monitoring genetic damage to ecosystems from hazardous waste. Proceedings of the
Pacific Basin Conference on Hazardous Waste. Bangkok, Thailand, April 6-10, 1992.

E. Hoffman, J. Knezovich, and S. Anderson. 1995. Determinants of sediment toxicity in San-Francisco Bay.
LBL Report No. 36592.

Anderson, S.L., G. Wild, N. Kado, R. Katznelson, W. Sadinski, J. Hoffman and W. Jewell. Genotoxic and
developmental responses in threespecies exposed to contaminated sediment pore water. LBL report No. 33751.
(&aft underrevision)

GESAMP/UNEP Working Group No. 33. 1995. Biomarkers and marine pollution. (one of several working
group members)

Dr. Anderson has published 24 abstracts. Her work has been reviewed in the scientific and popular press in
sources as diverse as Science magazine, the San Francisco Chronicle and local television.



CURRICULUM VITAE SUSAN A. CARROLL

Date of Birth: February 7, 1961

Earth Sciences Department
•Lawrencg Livermore National Laboratory

Livermore, CA 94551

EDUCATION

1983-1989 Ph.D., Geochemistry, Northwestern University Evanston, IL
Thesis: The dissolutionbehaviorof corundum(25°C),
kaolinite (25, 60, 80°C) and andalusite(250C): A surfacecomplex
reactionmod.,'lfor the dissolutionof aluminosilicateminerals
in diagenetic and weathering environs.

1979-1983 B.S., Geology, University of Kansas Lawrence, KS

PROFESSIONAL EXPERIENCE

1992-present Lawrence Livermore National Laboratory Livermore, CA
Environmental Geochemist: Experimental studies of rock-water
reactions.

1990-1992 University of Missouri-Columbia Columbia, MO
Assistant Professor: Developed undergraduate and graduate
environmental / low temperature aqueous geochemistry programs.
Research included investigationof rock-water interactionsin the silicate and
carbonate systems at near earth surface pressuresand temperatures.

1990 National Center of Scientific Research (CNRS) Orsay, FRANCE
Research Scientist: Mobility of nuclear waste within the geosphere:
The application of high energy ion beam techniques to investigate trace
metal interactions at the calcite-solutioninterface.

1989-1990 Royal Institute of Technology Stockholm, SWEDEN
Research Scientist: Mobility of nuclear waste within the geosphere:
The sorption of trace metals to calcite in aqueous solutions.

Summer 1985 Exxon Production Research Company Houston, TX
Research Assistant: Characterization of the chemical and physical
properties of clay minerals in "shaly sands".

Summer 1984 The Swiss Federal Institute for Dtibendorf, SWITZERLAND
Water Resources and Water Pollution Control (EAWAG)

Research Assistant: Kaolinite dissolution kinetic studies at 25°C.

PROFESSIONAL OFFICE

1994-1997 Geochemical Division of the American Chemical Society,
Secretary
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PUBLICATIONS"
Oday, P. A., Carroll, S. A., Waychunas, G. A., Phillips, B. (1995). XAS of trace element

coordinationin naturalsediments at ambient andcryogenic temperatures. Physica B 208/209, _lr
309-310.

Brady, P. V. and Carroll, S. A., (1994). Direct effects of CO2 and temperatureon silicate
weathering:Possible implicationsfor climatecontrol. Geochimica et Cosmoshimica Acta 58,
1853-1856.

Carroll,S. A., (1993). Precipitationof Nd-Ca carbonate solid solution at 25°C. Geochinu'ca et
Cosmochimica Acta 57, 3383-3393.

Carroll,S. A., Bruno, J., Petit, J. C., and Dran, J. C., (1992). Interactionsof U(VI), Nd(III),
andTh(FV)at the calcite-solution Interface. Radioctu'micaActa 58/59, 245-?52.

Carroll, S. A. and Bruno,J., (1991). Mineral-solutioninteractionin the U(VI)-CO2-H20 system.
Radiochimica Acta 52/53, 187-193.

Carroll,S. A. and Walther, J. V., (1990). Kaolinitedissolution at 25, 60, and 80°C. American
Journal of Scier,:e 290, 797-810.

Carroll-Webb,S. A. and Walther, J. V., (1988) A surface complex reactionmodel of the pH
dependenceof corundumand kaolinitedissolutionrates. Geochimica et Cosmochimica Acta,
52, 2609-2624.

Webb, Susan Carrolland Wood, B. J., (1986). Spinel-pyroxene-garnetrelationships and their
dependenceon Cr/A1ratio. Contribution to Mineralogy and Petrology 92, 471-480

SYMPOSIUM PROCEEDINGS AND REPORTS
CarrollS., CopenhaverS., and Alai M. (1995) Experimentalinvestigation of hydrous pyrolysis of

diesel fuel: Potential impacton the proposed high-level radioactivewaste repository, Yucca
Mountain,Nevada. (in revision LLNL-UCRL.)

O'Day P. A., CarrollS. A., Waychunas G. A., and Phillips B. (1995) XAS of trace element
coordinationin naturalsediments at ambient and cryogenic temperatures. (in press) 21ST.
Annual Users Conference, Stanford Linear Accelerator Center.

Bates, J. K., Bourcier, W. L., Bradley, C. R., Brown, N. R., Buck, E. C., Carroll, S. A.,
Cunnane,J. C., Dietz N L., DiSanto, T., Ebcrt,W. L., Emery, J. W., Feng, X., Gerding,
T. J., Gong, M., Hafenrichter, L. D., Hoh, J. C., Mazer, J. J., Morgan, L. E., Newton, L.,
Phillips,B. L., Pletcher, R., and Wronkiewicz, D. Z. (1994) ANL technicalsupport program
for DOE environmental restoration and waste management, Annual Report October 1992-
September 1993 ANL-94/19.

Bourcier, W. L., Carroll, S. A., and Phillips, B. L. (1994). Constraints on the affinity term for
modeling long-term glass dissolution rates. Mat. Res. Soc. Syrup. 333, 507-512.

Carroll, S. A., Bourcier, W. L., and Phillips, B. L. (1994). Surface chemistry and durability of
borosilicate glass. Mat. Res. Soc. Symp. 333, 533-540.

Jackson, K. J. and Carroll, S. A. (1994) Experimental investigation of hydrous pyrolysis of diesel
fuel and the effect of pyrolysis products on performance of the candidate nuclear waste
repository at Yucca Mountain. Mat. Res. Soc. Syrup. 333, 841-847.

Stout, D. L. and Carroll, S. A. (1993). A Literature review of actinide-carbonate mineral
interactions. SAND92-7328.

Carroll, S. A. (1992). Mechanisms controlling NdOHCO3-CaCO3 solid solution formation.
Proceedings of the 7th International Symposium: Water-Rock Interaction, Miles (ed.)
Balkema, Roterdam, p.89-92.

Bruno, J., Carroll, S., Sandino, A., Charlet, L., Karthein, R., and Wersin, P. (1989).
Adsorption, precipitation and coprecipitation of trace metals on carbonate minerals at low
temperatures. Proceedings of the 6th International Symposium: Water-Rock Interaction,
Miles (ed.) Balkema, Roterdam, p. 121-124.

" Please note that I have published under the names Carroll, Carroll-Webb, and Webb.
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Carroll S. A., Alai M., Mroczek E. K., Ebert M. (1995) Amorphous silica precipitationrates:

Comparison of laboratory and field determinations. GSA Abstracts with Programs.
O'Day P., Carroll S. Waychunas G. (1995) Bonding and coordination of trace metals in acid-
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Carroll S., O'Day P., Waychunas G., and Phillips B., (1995) EXAFS of heavy metal
coordination in acid mine drainage.American Chemical Society 209, GEOC-008.

Carroll S., Phillips B., O'Day P., Waychunas G., and-Piechowski M. (1994) Environmental
applicationsof EXAFS: Zinc structure in acid mine drainage sediments. GSA Abstracts
with Programs.

O'Day P. A., "CarrollS. A., Waychunas G. A., and Phillips B. (1994) XAS of trace element
ecx_rdination in natural sediments at ambient and cryogenic temperatures. Eigth
International Conference on X-ray Adsorption Fine Structure.

Piechowski, M. and Carroll, S. A. (1994). A field study of the mobility of '2d, Pb, and Zn in
the Tri-State Mining district. American Chemical Society 207, ENVR 206.

Bourcier, W. L., Carroll, S. A., and Phillips, B. L. (1993). Constraints on the affinity term
for modeling long-term glass dissolution rates. Material Research Society, p. 533.

Bourcier, W. L., Carroll, S. A., Phillips, B. L., Bates, J. K., and Ebert, W. L. (1993).
Modeling SRL-202 glass dissolution: combined constraints from varying SA/V, flow-
through, surface titration AEM, and NMR experiments. American Ceramic Society 95,
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2
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Ecotoxicology in aquaculture (plenary presentation). Aquaculture and Water
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INTRINSIC SEDIMENT PROCESSES SAMPLING AND
ANALYSIS PLAN

1.0 INTRODUCTION

This Sampling and Analysis Plan (SAP) describes the field and laboratory activities to be
conducted during the Intrinsic Sediment Processes Study at the Seaplane Lagoon and West Beach
Landfill Wetlands sites (2 & 17) at NAS Alameda. The SAP identifies the sampling strategy and
rationale, matrix-specific considerations, eqt:.:pmentand devices, preservation of samples, custody
procedures and approaches for meeting the study's analytical objectives.

1.1 SAP OBJECTIVES

The sampling and analysis objectives for this project include the following:
• Obtain representative surficial and core sediment samples from selected locations within

the Seaplane Lagoon and the West Beach Landfill Wetlands

• Utilize the sediment samples to conduct innovative and conventional chemical, toxicity
and other tests described in the Work Plan

• Analyze samples or sample extracts using standard and innovative techniques in order to
characterize conditions and chemicals present in the sampling locations

• Interpret the resulting analytical data to determine the intrinsic sediment remediation of the
Seaplane lagoon and the West Beach Landfill Wetlands.

• Conduct laborato_ testing and field studies of uptake and toxicity of sediment
contaminants to benthic invertebrates.

1.2 RELATED DOCUMENTS

BERC has developed program level documents to describe the procedures to be followed on
projects implemented under the UCB/Navy partnership agreement. These include:

• Contractor Quality Control Program Plan

• Health and Safety Plan, Volumes I and II

• Stand',n,d Operating Procedures

• Standard Quality Procedures

Work at Sites 2 and 17 will be conducted in accordance with the general procedures described in
these program documents and more specifically in the Work Plan. The program documents may be
updated periodically. The most recent version of each document is maintained in the BERC office
and will be maintained at the sites during field operations.

1.3 ORGANIZATION OF THE SAMPLING AND ANALYSIS PLAN

The SAP for the Seaplane Lagoon and West Beach Landfill Wetlands (also referred to as Landfill
Wetlands) is divided into six sections. The first Section is the introduction covering objectives,
SAP supporting documents and SAP organization. Section 2 summarizes the previous
investigations at sites 2 and 17. Field sampling and laboratory analytical methods are discussed in
sections 3 and 4, respectively. Section 5 covers quality assurance and quality control (QA/QC)
procedures to be used throughout the SAP. Other supporting documents are referenced in the SAP
with test-specific QA/QC procedures included in the appropriatesections. Section 6 discusses the
Standard Operating Procedures (SOPs) that are included as attachments to this SAP.

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
Sampling & Analysis Plan - Appndx B. Draft Final 1 February 1997



2.0 BACKGROUND

Previous investigations at Sites 2 and 17 have been summarized in Section 2 of the Work Plan.
The chemicals of interest in the Seaplane Lagoon include trace metals, polycyclic aromatic
hydrocarbons (PAHs), petroleum hydrocarbon materials, and polychlorinated biphenyls (PCBs).
The chemicals of concern for the Landfill Wetlands include PAHs and PCBs. There is no
information to indicate that volatile organic chemicals (including chlorinated alkanes and alkenes)
are present at these sites.

Section 3 of the Work Plan describes the information required for a better understanding of the
conditions at the two sites, and to support informed decisions regarding the short and long t,.rrn
risks of remediation options. Sections 4 and 5 of the Work Plan describe the overall sampling
approach and the methods that will be used to obtain the needed information. The sections below
and the attached SOPs provide details of the procedures that will be employed to provide the
required data and information

3.0 FIELD SAMPLING
Surface and core sediment samples will be collected from the locations identified in Tables SAP- 1
and SAP-2 for the Seaplane Lagoon and for the West Beach Landfill Wetlands, respectively. The
detailed sampling procedures are described in the Standard Operating Procedures. All samples will
be collected by trained and experienced technicians and/or professionals.

Surface samples are practically defined by the depth scale of the intended measurements, the type
of sampling device employed, and how the sediment is prepared for testing or analysis. For
example, the chemical characterization study will evaluate pore water chemistry in surface
sediments on a scale of a few millimeters (mm) or centimeters (cm), which is not a practical scale
for collection of "surface sediments" for toxicity or bioaccumulation studies. For this reason, the
Co-Principal Investigators will each be responsible for overseeing the sampling and sample '_P
handling, and then noting the depth of the "surface sediments" in log books and eventually the
reports for the respective studies.

Sampling Strategy and Rationale for Seaplane Lagoon

Sediment sampling in the Seaplane Lagoon will be accomplished using several sampling methods.
The total sampling program is summarized in Table SAP-1 and in Figure SAP-Ia,b: this table
references the section of the Work Plan where the methods are discussed and also lists the
locations of the samples, the depth of the samples, and the segments of the cores that will be used
in the respective studies. As discussed in Section 2 (including Figure 2-6 showing outfall
locations) and Section 4 of the Work Plan, the sediments near outfalls G and H on the east side of
the lagoon are expected to have the highest chemical concentrations from past releases through the
storm drains. The sediments adjacent to outfalls F and R are also considered to have high chemical
concentrations due to releases from storm drains. The two locations have been designated GH and
FR for the proposed sampling program.

As listed in Table SAP-1, the chemical characterizationstudies andthe transport and transformation
studies will use sediment samples from location GH. Toxicity and bioavailability studies as well as
measurements of lagoon sediment properties will also include samples from location FR.
Additionally, anotherlocation midpoint (MP) in the lagoon will be sampled for a toxicity test and
for measurement of sediment properties; this midpoint location will be selected based on the
acoustic imaging. The cores listed in the fifth column also show that some sediments will be shared
among several studies to minimize the sediment coringeffort in the lagoon.

All sampling activities discussed below are contingent on the consistency and properties of the
sediment as observed during the initial sampling effort (see Section 4 of Work Plan). It is currently
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planned that sampling of surface sediments for subsequent extraction of pore water for toxicity
testing and TIE measurements will be conducted using a Ponar sampler (see 5.3.1 of the Work
Plan and SOP 25.2 and 27). Surface sediment sampling for the SWIC tests will be conducted
using a speciallydesigned corer that will obtain a 5 inch deep core sample that will be directly used
in the testing apparatus (seeSection 5.3.2 and SOP 27.2).

Depending on the sediment properties, it is currently planned to collect 4-inch sediment cores
from a boat using a gravity corer with a liner or by pushing a polymer sleeve (acrylic or
polycarbonate) into the sediment. The latter method is preferred because it minimizes disturbance
of the surficial sediments, but may not be practical for sampling deeper sediments if the sediment is
more compacted. It is expected that the sediment core can be held in the 31eeveby a sediment plug
at thebottom of the sleeve, or that the top of the tube may have to be sealed or under vacuum to
hold the core in place, The details of this sampling activity will be determined based on site
experience during the initial samplingeffort.

As shown in Table SAP-l, 15 cores (deeper than 20 cm) will be collected from location GH.
Sampling of this location is planned for an area approximately 12 m by 12 m (or 40 ft by 40 ft)
near the seawall adjacent to outfallsG and H. This grid places sampling locations approximately 4
m (or 12 ft) apart so as to minimize disturbance among sampling locations due to
sloughing/collapse of coring holes when the sampling sleeve is withdrawn. Additionally, sediment
corings will be collected in order of expected sensitivity of disturbance to the planned
measurements: sediment cores for chemical characterizationwill be collected first, followed by
samples for transport and transformation studies. The toxicity testing and bioaccumulation studies
use sediments in batch scale experiments and are considered less affected by sampling disturbance.

All cores will be collected in the presence of the Co-Principal Investigator responsible for study.
The position of each core will be determined using a global positioning system before the core is
retrieved.The Project Geologist will then log the sediment core based on observations through the
transparent sleeve, and the Co-Principal Investigator will receive the intactcore for transport back
to the specified laboratory. The Co-Principal Investigator will be responsible for inspection of the
core for any disturbance of sediment, any unusual lack of homogeneity, and other aspects related
to obtaining core samples for accurate and representative measurements. For example, chemical
characterizationof pore water and measurements of sediment properties require that the core be
maintained in a upright position if the core material is somewhat fluid. A copy of the log will be
provided to the CoPrincipal Investigator and lead Principal Investigator for review. Subsequent
subsampling of the core for laboratory studies may add detail to the field observations based on
closer examinations, and the laboratory will reference the log so that the location of the subsample
and its properties can be compared to other sediment core samples.

Sampling Strategy and Rationalefor West Beach LandfillWetlands

Sediment sampling in the West Beach LandfillWetlands will be limited to the use of ( 1 ) the Ponar
sampler to obtain sediments for pore water testing, and likely (2) a push coring device to obtain
samples for the chemical characterizationand intrinsic sediment transformation studies. The total
sampling program is summarized in Table SAP-2 and Figure SAP-2; this table references the
section of the Work Plan where the methods are discussed and also lists the locations of the
samples, the depth of the samples, and the segments of the cores that will be used in the respective
studies.

There are no data to indicate that any areas of the perennially ponded areas have higher
concentrations of chemicals that would make them of special interest for the proposed studies.
Four locations (W1,W2, W3, and W4) in ponded areas will be selected based on discussions with
the Navy and PRC as to what areas would be most beneficially studied for use in ecological
assessments. The sediment samples for individual studies will then be collected by the appropriate

_' method. As for the Seaplane Lagoon sampling, an initialsampling effort is required to select the
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method that gives intact, undisturbed sediment cores for use in the chemical characterization and
transformation studies. The current sampling strategy is to collect most samples from a single
location. W 1, where six cores to a depth of 1 m will be obtained. (Table SAP-2) _'

A location in the northwest area of the wetlands adjacent to the West Beach Landfill Wetlands will
be selected for the vadose zone soil plot studies and for collection of samples for use in
measurements of isotope ratios. Compared to the rest of the wetlands, this area of the wetlands
shows slightly higher concentrations of PCBs in soils, which may have resulted from erosion of
PCBs on soils from the West Beach Landfill. As for the samples from the ponded areas, these
locations will be selected in discussions with the Navy and PRC based on data from an ecological
risk assessment.

4.0 LABORATORYANALYTICAL METHODS
This section describes the analytical methods to be used duri_g the Intrinsic Sediment Processes
Studies at the Seaplane Lagoon and West Beach Landfill Wetlands. The analytical methods for
each studv are discussed in the respective SOPs (see Section 6 of this SAP and Attachments).
Table SAP-3 summarizes the methods to be generally used in the respective studies. All methods in
this Table are from EPA Publication SW 846, Test Methods for Evaluating Solid Waste: Physical
and Chemical Methods Third Edition, including proposed updates of January, 1995. The
reporting limits are those that have been developed by the Navy for NAS Alameda projects.

Selected SW 846 methods address sample extraction, digestion, cleanup procedures that will be
used for this project. Concentrations ranges are anticipated to be predominantly trace analyses (less
than 1000 mg/kg), and the methods selected are appropriate. The quality assurance/quality control
IQA/QC) are written into each method and analytical method specific QC are also discussed in each
method.

Data Reduction and Validation
Data reduction and reporting procedures, including description of appropriate statistical analyses,
will be used. At a minimum, analytical data will be evaluated for the following: Precision,
Accuracy, Representativeness, Comparability and Completeness (PARCC) and acceptable
probability of error. Considerations will also made for calibration, detection limits, sample holding
times, blank contamination avoidance, spike recovery, and confirmation by a second column or
GC/MS requirements. Matrix replicates will also be used as directed by the investigators. To
ensure understanding of analytical objectives and requirements, all participating laboratories will be
audited by the Contractor (_uality Control Program Manager prior to the receipt of the initial
samples for analyses, and each participating laboratory will be audited quarterly while samples are
being processed.

The Role of Analytical Laboratories

The analyses under this project will be performed by a variety of laboratories. Some of these
laboratories are certified by the State of California for certain analytes. All participating laboratories
will provide BERC with a QA/QC plan and sampling and analysis method documentation,
Laboratories ultimately selected will have the technical and equipment capabilities to perform the
analyses requested. BERC Principal Investigators plan to use the following laboratories:

• LLNL Environmental Chemistry, Laboratory

• LLNL IsotopeSciencesLaboratory

• LLNL Geochemistry Group Laboratory & Analytical Laboratory

• Skidaway Institute of Oceanography

• LLNL Environmental Measurements Laboratory
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_€ The LBNL and LLNL laboratories are well respected and recognized in the academic and research
community for their high quality performance and for implementing the Department of Energy's
mission. However, these laboratories are not formally approved by the regulatory agencies or the
Navy to provide data for the federal hazardous waste regulatory decision making process. All
participating laboratories will be acknowledged by the Navy for performing the proposed studies.
As stated above, the Contractor Quality Control Manager will conduct a preaudit and then routine
audits of "alllaboratories as a quality assurance measure. As discussed in Section 7 of the Work
Plan, the data from individual studies will not be the singularly critical factor in the decision
making process for NAS Alameda, but rather will be used with other data from BERC and PRC to
better understand site conditions for nlore informed decisions on response actions. The
documentation of appropriate QA/QC measures, regular audits, and the intended use of the
analytical data are then considered sufficient QA criteria for the participating laboratories to perform
analyses for this study.

4.1 ANALYTICAL DATA HANDLING AND REPORTS

All raw analytical and instrumental calibration data generated in the laboratory will be kept as hard
copies and/or in electronic form in a computer hard drive (with a backup system) and be available
for inspections or reviews by interested parties. The stored information will include
parameters/analytes, final concentration data, all calibration data, names of analyst(s) and peer
reviewer(s), instrumental readout data, calculations and QC data. Analytical reports will include all
the information pertaining to the analytical methods and procedures used, sample and QA/QC
results, chain of custody documentation, and raw data as specified in the QA/QC section. The aim
of the QA/QC is to identify and implement correct methodologies which limit the introduction of
error into the analytical procedures.

5.0 QUALITY ASSURANCE/QUALITY CONTROL
Section 7 of the Work Plan presents general QA/QC considerations; the EPA method for the
analysis of priority pollutants includes detailed QC procedures and requirements. These guidelines
will be followed throughout the chemical analysis. General QC procedures will include the analysis
of a procedural blank and a matrix spike along with every 20 samples processed. To measure
analytical precision, at least one sample will be analyzed in triplicate for every 20 samples
analyzed. The standard deviation and coefficient of variation will be reported. In addition,
recoveries of surrogate spikes will be documented and all analytical instruments calibrated at least
daily. All calibration data will be reviewed by the laboratory manager or other qualified laboratory
personnel. As appropriate, standard reference materials (SRM) available from commercial sources,
will also be routinely analyzed to determine analytical accuracy.

Data Quality Information

Data quality objectives (DQOs) include the anticipated use for samples taken, determines the types
of laboratory analysis used; sensitivity of the analytical techniques; detection limits; confidence
limits; and precision, accuracy, representativeness, completeness, and comparability (PARCCs).
An appropriate sampling design is critical for the resulting data quality. The criteria by which data
accuracy and precision are judged constitute the QMQC requirements discussed in Section 7 of the
Work Plan.

Analytical Information Required for Reporting

The following is a summary of analytical information required for reporting data generated during
this study:

• All analytical results for each sample taken (raw data may be requested under certain
circumstances), in addition to documents that summarize data
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• Detection and quantitation limits for all analytical data

• Description of the level of QA/QC used and copies of the QA/QC results and data
validation reports

• Blank and spike sample results (specify lab or field samples)

• Care and decontamination of tools, instruments, and sampling equipment in the field to
prevent cross-contamination of samples

• Sample preservation and storage protocols and holding times

• Total concentrations of analytes of interest and concentrations of parameters required for
the ancillary, investigations

• The sampling approach Forthe Seaplane Lagoon and the West Beach Landfill Wetla ,ds is
discussed in Section 4 of the Work Plan.

6.0 STANDARD OPERATINGPROCEDURES
Detailed procedures documenting the purpose, objectives, references, procedures and analysis
methods, and other topics related to experimental procedures have been formulated as Standard
Operating Procedures (SOPs) for this SAP, and are included as attachments to this SAP. In several
instances, detailed procedures are available in literature and this material is included in an SOP for
attachment rather than duplicating the text in an SOP. SOP 24.4. Isotope Monitoring, that will be
conducted as part of the transformation studies (see Section 5.6.2), has already been submitted as
part of the Intrinsic Remediation Work Plan (Delivery Order 4) and is not included in these SOPs.
Additionally, two proposed studies to assess hydrologic conditions in the Seaplane Lagoon and in
the Landfill Wetlands require site specific information not currently available. The proposed studies
are discussed in sections 5.5.3 and 5.5.4 of the Work Plan. Because some of the procedures are in
development and may require revisions, any substantial changes that may affect the use of the data
will be reported to the Contractor Quality Control Program Manager: changes may also be
discussed during the quarterly laboratory audits. These revisions in the SOPs will be reviewed by
the Contractor Quality Control Program Manager and communicate to the Navy on at least a
quarterly schedule.
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TABLE SAP*I

Sampling and Analysis Plan
Sediment Coring Schedule
Seaplane Lagoon (Site 17)

(page 1 of 2)

Chemical Characterization of Pore Water and Sediments

Reference Sampling Samples per Sample Sample * Segment

Section Task Location Location I.D. I Depth Interval
5.2.1 MlcroelectrodeMeasurements In 1-GH 2 GH-CC-C1 20 cm

SedimentCore Po¢aWaters GH-CC-C2 Duplicate
5.2.2 Pore Water Constituent 1-GH 2 GH-CC-C3 50 cm 2 to 5 cm

Measurements GH-CC-C4 Duplicate
5.2.3 SedimentSulkMinearaloglcal 1-GH 1 GH-CC-C5 2 m 20 cm

and ChemicalAnalyses
5.2.4 Sediment Metal 1-GH 1 Sample from Section5.2.3 2 m 1130

SpectatlonAnalyses to be tesled

Pore Water end Sediment Toxicity Testa
Reference Sampling Samples per Sample Core * Segment

Section Task Location Location I.D.' Depth Interval
5.3.1 Surface SedimentPore Water 3-GH,FR,MP 1 GH-'I'r-P1 FR-'I-I'-P2 Mp-TT-P3 Sudaca Surface

Toxicity Tests sample
5.3.2 Surface Sedlment/Water 3-GH,FR,MP 4 GH-TT-S1 FR-TT-S5 MP-I-I'-S9 Surface Surface

IntedacaCorer (SWIC) Test GH:I-r-s2 FR-]'r-s6 • MP-TT-S10 sample
GH-'I-I'.S3 FR-TT-S7 MP-TT-S11
GH:I-r.S4 FR-TI'-S8 MP.TT-St2

5.3.2 Subsudace Sediment/Water 2-QH,FR 4 GH:I'I'-C1 FR-TT-C5 3 m 1 m
InledaceCorer (SWIC) Test GH-Tr-c2 FR:I'I'-C6

GH-'I-I'-C3 FR-TI'-C7
GH-TI'-C4 FR.TT-C8

5.3.3 Pore Water ToxlcHy 3-GH,FR,MP 1 WaterSamples from Section 5.3.1 Surface Surface
Iden.fificallonEvaluation _!E) to be lesled Sample

5.3.4 Acid VolatileSulfide (AVS) and 3-GH,FR,MP 4 SedimentSamples from Secllon 5.3.2 Sudace and
SimuilaneouslyExtractedMetal (SEM) 2-GH,FR Io be tested core Io 3 .m

Bloavellablllt]f Evaluation
Reference Sampling Samples per Sample Sample " Segment

Section Task Location: Location I.D. I Depth Interval
5.4.1 BivalveTest 2.GH,FFI 1 GH.BE-C1 FFI-BE-C1 Surface (0.5 m)

3-GH,FFI,MP 4 Samples from Section 5.3.2 Core to 3 m 1 m and 2 m
(SWlC Test) to be tested

5.4.2 Digestive Fl,,Id Extraction 2-GH,FR 1 SpillSamples from Section5.4.1 Surface

above to be tested (0.5 m|
3-GH,FR,MP 4 Samples from Secfion 5.3.2 Core to 3 m 1 m and 2 m

to be tested

Berkeley EnvironmcnlalRcsloralionCenter Inlrinsi," SedimentProcessesStudy
Sampling& Analysis Plan- Appndx B, Drafl Final Fehruary1997



TABLE SAP-1

Samplingand Analysis Plan
Sediment Coring Schedule
Seaplane Lagoon (Site 17)

(page 2 of 2)

Transport ProcessesAssessment
Reference Sampling Samples per Sample Core " Segment

Section Task Location Location ID' Depth Interval
55.1 Lead-210 Prolilein Sediment 1-GH 2 GH-TP-C1 3 m 20 cm

GH-TP-C2 DupIlcale
5.5.2 Measurementof Lagoon 3-GH,FR,MP 2 GH-TP.C1 FR-TP-C3 MP-TP-C5 3 m I m

SedimentProperties FR-TP-C4 MP-TP-C6
Sample from Secllon5.5.1

also to be tested

Intrinsic Transformation Processes

Reference Sampling Samples per Sample Sample " Segment

Section Task Local!on Location I D' Depth Interval
5.6. t Fingerpdnlingof PAHs,PCBs, 1-GH 2 Samples from Section5.5.1 3 m 20 cm

Hydrocarbonsand HydrocarbonTracers to be tested
5.6.2 Sourcesof TranslormationProducts 1-GH 2 Samples lrom Section5.5.1 3 m

UsingIsolopeMeasurements to be tested
5.6.3 IntrinsicProductionof Methane I-GH 1 GH-IT-C1 2 m 20 cm

in AnaerobicLagoonSediments
5.6.4 IntrinsicTransformationel PAHs 1-GH 4 GH-IT-C2 I m 0.5 - 1 m

and PCBsin AnaerobicLagoonSediments GH-IT-C3
GH-IT-C4
GH-IT-C5

5.6.5 Constraintson Transformationof PAHs 1-GH 4 Samples from Section5.6.4 1 m 0 - 0.5 m
and PCBsin AnaerobicLagoon Sediments Io be tested

Processes In Disturbed SedimentSystems
Reference Sampling Samplesper Sample Sample " Segment

Section Task ,.. Local!on Location I D i Depth Interval
5.7.1 Leachate Characterizationfrom 1-GH 1 Sample from Section5.2.3 Surface

DtsfurbedSeaplane LagoonSediments Io be tested sample
5.7.2 Toxicityel DisturbedSediments 3-C-_,FR,MP 4 Samples from Section5.3.2 Surfaceand

2-GH,FR to be tested core to 3 m

NOTES: 1. Sampling Identification as follows (XX-YY-ZI):
XX: SamplingLocation YY: SecllonDescription el: SampleMedium

GH-Oulfall Area CC.ChemlcalCharactedzatlonof Pore Watersand Sedlmanls C-Sedimenl Core

FR-OuffallArea TT-Pore Waterand SedimentToxicityTests P-PoreWater
MP-MidpolntArea TP-TransportProcessesAssessment S-SurfaceSediment

betweenOutfalls IT-IntdnsicTranslormalionProcesses TBD: To BeDecided

2. Additional reference samples will size be obtained from other Bay sites (see Sac 5.4).
• Segment Interval to be used In the laboratory studies

Berkeley Environmenlal Resloration Center Inlrin_,ic Sediment Pr,_:esses Sludy
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T(.g: SAP-2 (

S4Nmplhtgand Analysle Plan
Sediment Coring Schedule

Wlmt Beach LendBil Wetlands (Site 2)

Chemk:ld Choractorlsellon of Pore Water and Sedlmente

Reference SImpilrql Samplee per Sample Coqre " Segment

Section Took Location Location I.D. ._ Depl L interval
5,2. t Mio'oeledrode MellurIme_I kl I -W! 2 WI-CC-CI 20 cm

Sed_mea! Core pore_.Walem WI _cc-c2 O,__,__e_.o
5,22 Pore water ConsMuent I-Wt 2 wt-cc c3 50 cm 2 to 5 cm

Measuremenl$ W t -CC-C4 n._l)ltcete
5.2.3 Sediment Bulk Mioeereioglcal 1-W1 1 Wt CC-C5 1 m 20 cm

and Chemical Analyses

5.2.4 Sed,'ne_l Metal I-Wl I Sample from So(lion 52.3 1 m
Speciallon Analyses to be tested

., (if applioable)

Pore Water lind Sed__lmentToxlcl_ Teats

Refarlnco _ Samples per Sample Core * Segment

section Tmlk Location Loceilo I.D. ...__OOet_ih Inlerval
53.1 Sudace _ P_o Water 4-We.W2, 1 WI.TT.PI W2.TT-P2 W3-TT.P3 W4-TT-P4 S.(face

Toxk;dy TOllS W3,W. 4 sample
5.3.3 Pore Water Toxk_y 4-W1.W2, 1 Water Samples from Section 53.t to be lasted Sudaco

Idlmlificallon Evalualion (TIEI W3,W4 sample
5.3.4 Acid Volatile SullKle (AVS) and 4-W1 .W2, 1 Sedlmenl Samples Irom Section 5.3.1 to be ieslad Surface

Simullaneo,sly ExZra(led Metal (SEM) W3,W4 sample

Blol_lllabllily Evllualion

Rofla'ence Sampling Samples per Sample Core " Segmon!

Section Task Location n Locallo I.D. Doplh interval
5.4.1 Bivalve Tell 3-Wl.W2, 4 W1-BE-S1 W2-BE-S5 W3-BE-S9 Sudace

W3 WI-BE-S2 W2-BE-S6 W3-BE-SI0 sample
WI-BE-S3 W2-BE-S7 W3-BE-SI t

, WI-BE-S4 W2-BE-S8 W3-BE-SI2

5.4.2 Digestive Fluid Ezdrl_lion 3-W1 ,W2, 4 Samples Item Section 5.4.1 Sudace
W3 Io be Iosled laml)le

Inldneic TIlalMormoflon processes

Rofereftce S4m¥4ing Sl_ per Sample Core " Segment

Section TNk .Location Locat!on liD. Depth Inlarval
5.6. i _ of PAH8, PCBe, I .Wl I WI-IT-C1 I m 20 cm

H_ andH_,oca,t_Tr_
5.6.2 SoIJCCesof Truulom_llon Product8 I-WI I WI-IT-C2 1 m

Uiinliso(opeMu_ufem_N!
5.6.4 INnnslcTcandom_iIionoJP/U-Is I-Wi 4 WI-IT-C3 I m

and PCBa in Anaerob_ W_bmd Sadie Wl-IT-C4
WI-IT-C5

WI-IT-C6

NOTES:1. SamplingId_lncaummIa fofinm (XX-W-Ze):
XX: San_ Localk_n YY: Sedlon De.Ion Z|: Sm Medium

WI-To Be DetmmJned CC_I Chamdedzalkm o_Pore Walem and Sedlmenls C.Sedm_ent Cam

W2.To Be De_4m,nk-Nid Tr-potre Walet and SedOmenlToxk_y Testa P-Pore WIIIN'

W3-To Be Dele_nlned BE.Oioavailab_y EvlduaiJon S.Sudace Sedimenl '
W4-To Be Delermlned IT-Inlrlnlk: Translomuliion PrI

2. Addilin_II rofMenr.e _o d IdQo be oMoktod from other gay silos (see Sac $4).
• Segment InterviI to be used in the laboratory studies
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Table SAP-3 Analysis Plan for Intrinsic Sediment Processes Project

EPA Analytes/ Instrumenta Navy Container Preservation Max.

Method Parameters I Reporting Type Holding
Techniques Limits: Time

4500F Ammonia Selective NA P,G Cool to 4°C 24 hours
electrode

120.1 Specificconductance Electrometic NA P, G Cool to 4°C 24 hours

(Conductivitv)

9050 Resistivity Electrometric 1 mg/kg P, G Cool to 4°C 28 days
( I/Conductivitv)

60_0 Cadmium ICP 2 mg/kg P, G, C Cool to 4°C 6 months
HNO,

601C Chromium ICP: 5 mg/kg P, G, C Cool to 4°C 6 months

71"_I AAS HNO_
6010 Copper ICP 1 mg/kg P, G, C Cool to 4°C 6 months

HNO_

6010, _ ICP: 0.1 mg/kg P, G, C Cool to 4°C 6 months
7420 AAS HNO,

7471 Mercur}' AAS 8 mg/kg P, G, C Cool to 4°C 6 months
HNO_

6010 Nickel ICP 4 mg/kg P.G. C Cool to 4°C 6 months
HNO:

6010 Zinc ICP 8 mg/kg P, G, C Cool to 4°C 6 months
HNO

300.0 Nitratc 3.3 p.g/kg P, G Cool to 4°C 7 day/
40 davs

8080 PCBs GC; GC/MS 3.3 _tg/kg P, G Cool to 4°C 7 day/
40 davs

8080 DDD GC; GC/MS 3.3 p.g/kg P, G Cool to 4°C 7 day/
40 davs

8080 DDE GC: GC/MS 3.3 p.g/kg P. G Cool to 4°C 7 day/
40 days

8080 DDT GC; GC/MS 3.3 p.g/kg P, G Cool to 4°C 7 day/

40 days
9045C; pH Electrometric P. G NA
9040B

9310 Radionuclides P,G

Isotope ratios

300.0 Sulfate 1.0 m_/k_ P,G 28 davs
9030 Sulfides Colorimetric 5 mg/k_z P,G Cool to 4°C

8310 Polynuclear Aromatic GC: GC/MS P,G Cool to 4°C 7 days/

Hydrocarbons (PAHs) HPLC 40 davs
9060 Total Organic Carbon GC NA P,G Cool to 4°C 28 days

(TOC)

8015 Total Petroleum GC; GC/MS P,G GC; GC/MS

modified Hydrocarbon (TPH)

P = Plastic (usually polyethylene)
G = Glass

C = Core

Berkeley Environmental RestorationCenter Intrinsic Sediment Processes Study
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Chemical Toxicity/ Toxicity Bioavail. Deposition
Characterization. TIE Evaluation. Rate
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Figure SAP-la. Sample Collection and Allocation for Seaplane Lagoon
(see Table SAP-1 for sample location designations)



Deposition
Rate Sediment PAH, PC8 Isotope Methane Intrinsic Constraintson

(Pb-2 1O) Properties Fingerprint Studies Production Anaerobic Biotrans
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Figure SAP-lb. Sample Collection and Allocation for Seaplane
Lagoon, continued (Note: Deposition Rate Pb-210 is repeated
for comparison with Figure SAP-la)



Chemical Toxicity/ Bioavail. PAH, PCB Intrinsic VadoseZone
Characterization. TIE Evaluation Fingerprint, Anaerobic Soil Plots

Isotope Studies Sediments
lUlmal
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Figure SAP-2. Sample Collection and Allocation for West Beach
Landfill Wetlands (see Table SAP-2 for sample location designations)
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Sediment Sampling for Pore Water Extraction 25.2
Pore Water Isolation 25.3
Acoustic Imaging of Sediments 25.4
Microelectrode Measurements in Sediment Core Pore Waters 26.1
Pore Water Constituent Measurements 26.2
Sediment Bulk and Mineralogical Analyses 26.3
Sediment Metal Speciation Analyses 26.4
Pore Water Toxicib' Test 27.1
Sediment Water Interface Core Test (SWTC) 27.2
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SEDIMENT CORING PROCEDURES

STANDARD OPERATING PROCEDURE 25.1

1.0 PURPOSE

This Standard Operating Procedure (SOP) describes the sediment coring procedure to be used to
collect sediment samples from Seaplane Lagoon and West Beach Landfill Wetlands.

2.0 OBJECTIVE

To describe a procedure for collecting core sediment samples of good integrity to be used in
various sediment tests including physical!chemical characterization, sediment and pore water
toxiciw: toxicity, identification evaluation, metal speciation, bioavailability evaluation, transport
processes, and sediment properties.

3.0 REFERENCES

Glew, J.R. 1988. A Portable Extruding Device for Close IntervalSectioning of Unconsolidated
Core Samples. J. Paleolim. 1:235-239.

,_, Glew, J.R. 1989. A New Trigger Mechanism for Sediment Samplers. J.Paleolim. 2. 241-243.
Glew, J.R. 1991. Miniature Gravity Corer for Recovering Short Sediment Cores. J. Paleolim. 5:

285-287.

4.0 SPECIAL EQUIPMENT

Specialized equipment include: a _avity corer and extruder; a mini corer and extruder; a Lexon
coring tubes and rubber stoppers.

5.0 PROCEDURES

1. Sediment cores from Seaplane Lagoon and West Beach LandftU Wetlands may be collected
using a gravity corer. The corer is equipped with a modified trigger mechanism and adapted
to hold a polymer sleeve. The sleeve provides sufficient sediment material for measuring
sediment toxicity, bioaccumulation, chemical and physical properties, and sediment dating
and all other tests specified in this SAP.

2. Attempts will be made to collect sediment cores > 2 m in length.

3. The cores will be taken from the sampling points designated in Section 3 of this SAP and
Section 4 of the Work Plan

BerkeleyEnvironmentalRestorationCenter IntrinsicSedimentProcessesStudy
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4. Before inserting the core sleeve in the corer, the top edge of the sleeve will be inspected for
damage: it is important that the core sleeve has a smooth, un-deformed edge to mate with the

seal ring. _p,

5. Check the position of the seal ring in the corer. A small amount of silicone grease may be
used to retain the seal ring and to ensure a good seal. Sediment samples in contact with this
material will not be used for any analysis.

6. The gravity corer will be lowered slowly in the water, allowing it to sink in the sediment bv
its own weight, while keeping tension on the rope.

7. Once the corer has penetrated the sediment to the required depth, a messenger is delivered
down the coring line, which triggers the closing of the corer, and effectively seals the top of
the core sleeve.

8. Once triggered, the corer will be gently retrieved to just below the lagoon water surface.
Then, holding the corer upright by one hand, a sliding plug will be placed at the bottom of
the core.

9. When placing the plug into the core sleeve, the core sleeve will remain submerged to avoid
the loss of sediment: the crew member must extend an arm into the water to accomplish this
procedure.

10. The plug used here will be the same one that will be used to extrude the core, as necessary.

11. A stopper will be placed under the sliding plug to seal the core. The stopper is slightly bigger
in size than the sliding plug, and will be removed before the core sleeve is mounted in the
sectioner.

12. While keeping the core tube upright in the boat or raft, the corer will be disengaged from the
coring sleeve, and the top of the core sleeve is closed by another stopper.

13. Support for the stopper will be maintained so the sediment does not fall out of the coring
sleeve.

14. In the boat, the core should always be kept upright in a stand to keep the sleeve vertical.

15. A smaller corer with smaller diameter sleeve which operates in a similar fashion as described
above can be used to retrieve short cores.

16. Sediment cores will be sectioned at the laboratory soon after they are retrieved or before
using for the various tests.

17. The following steps are involved in core sectioning: Measure the lenmh of the core usin_ a
meter stick; note the depth and nature of any interesting changes visible in the stratigraplay;
with the extruder push rod retracted completely, remove the lower stopper and insert the core
sleeve in the clampingsleeve; tighten the sleeve clamp.

18. Remove the upper stopper and attach the tray; water can now be siphoned off the sample or
alternatively it may be displaced by extrusion.

19. Push the core tube down over the push rod to drive the core up to the top of the sleeve.

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Studx
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20. With the sample at the level of the tray, place the calibratedcylinder over the core and push
the upper I cm. of sediment into the cylinder.

2 !. Slide off the cylinder and bag the sample. Extrude and discard the center portion of the core.

22. T o avoid contamination, the lower sample should be taken 1cm. above of the bottom of the
core.

23. Place the sediment samples in tightly sealed, clean, polyethylenebags (18 ounce size).

24. The labeling of each bag will include: site name, sample depth, and the date when the sample
was collected.

25. No preservatives or chemicals are added to sediment samples.

26. Samples are stored in small plastic bags in plastic insulated boxes at cold temperature (4°C;
not frozen) to prevent evaporation.

27. Complete records are maintained to identify and track sediment samples. These include field
and coring data forms, as well as custody forms.

6.0 ANALYTICAL PROCEDURES

Analyses will be performed in accordance with other SOPs.

7.0 HEALTH & SAFETY

During the implementation of this SAP, safety and health considerations will be included. A
separate Health and Safety.Plan (HSP) has been prepared for this project which contain routine
safety procedures, guidelines for field personnel, and emergency procedures.

8.0 RESIDUALS MANAGEMENT

Any waste or excess samples must be disposed according to applicable local, state and federal
environmental laws and regulation. The laboratory performing the analyses is responsible for the
disposal of hazardous waste or residual materials.

9.0 RECORDS

Field and laboratory documentation will constitute the records required under this SAP. Properly
completed field notebooks, chain-of-custody forms and laboratory documentation will be kept and
made part of the SAP records.
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_, SEDIMENT SAMPLING FOR PORE WATER EXTRACTION

STANDARD OPERATING PROCEDURE 25.2

1.0 PURPOSE

This Standard O_rating Procedure (SOP) describes collection of surfic_al sediment
samples from Seaplane Lagoon and West Beach Landfill Wetlands to be used for pore
water extraction. This procedure is applicable to BERC and subcontractor personnel
involved in collection of environmental samples and performance of specific test required
under this study.

2.0 OBJECTIVE

The objective of the procedure is to collect surficial sediment samples used for providing
pore water samples.

3.0 REFERENCES

American Public Health Association (APHA). 1995. Standard Methods for the
Examination of Water and Wastewater. 19th Edition., Washington, DC.

4.0 SPECIALIZED EQUIPMENT

No special equipment are required for this SOP.

5.0 PROCEDURES

1. Surficial sediments will be acquired by Ponar samples (or dredge) from sites in
Seaplane Lagoon, from sites within the West Beach Landfill Wetlands, and from sites
in San Francisco Bay adjacent to the West Beach Landfill Wetlands. Approximately
10 liters of sediment will be acquired from each of these sites.

2. Sediment cores will also be obtained for the evaluation of acid volatile sulfides and
simultaneously extracted metals. These 10-cmdeep cores will be obtained in parallel
with the 10 surficial bulk (e.g., dredged) samples described above.

Sediment Storage

1. Bulk sediment that is collected from the cores will be stored in sealed plastic
containers at 4°C. Headspace will be kept to a minimum to prevent oxidation and
volatilization of compounds.
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2. In accordance with EPA guidelines, sediment sampleswill be used in TIE evaluations
no longer than 14days from the time of collection (Ankley et al., 1991).

6.0 ANALYTICAL METHODS

All samples collected for this project will be analyzed by laboratories acceptable to the
Navy. Analytical methods used are listed in Table 5-2 and are referenced in the EPA
publication S_,V846, Test Methods for Evaluating Solid Waste. Appropriate test methods
will be used whenever EPA methods do not exist.

7.0 HEALTH AND SAFETY

During the implementation of this SAP, safety and healttl considerations will be included.
A separate Health and Safety Plan (HSP) has been prepared for this project which contain
routine safety procedures, guidelines for field personnel, and emergency procedures.

8.0 RESIDUALS MANAGEMENT

Any waste or excess samples must be disposed according to applicable local, state and
federal environmental laws and regulations. The laboratory performing the analyses is
responsible for the disposal of hazardous waste or residual materials.

9.0 RECORDS

Field and laboratory,documentationwill constitutethe records requiredunder this SAP.
Properlycompletedfieldnotebooks,chain-of-custodyforms and laboratorydocumentation
will be kept andmade partof the SAPrecords.
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PORE WATER ISOLATION

_' STANDARD OPERATING PROCEDURE 25.3

1.0 PURPOSE

This Standard Operating Procedure tSOP) describes the isolation of pore water from the sediment
samples from Seaplane Lagoon and Wet Beach Landfill Wetlands. This procedure is applicable to
BERC and subcontractor personnel involved toxicity testing and toxicity identification evaulation.

2.0 OBJECTIVES

The objective of this task is to describe the isolation of pore water from sediment samples using
centrifugation for sediment toxicity tests at Seaplane Lagoon and the West Beach Landfdl
Wetlands.

3.0 REFERENCES

None.

4.0 SPECIALIZED EQUIPMENT

No special equipment are required for this SOP.

5.0 PROCEDURES

1. Un-homogenized sediment is placed in 250-mlplastic bottles and centrifuged at 2,500 x g at
4°C for 20 minutes. Pore water is subsequently decanted, passed through a l-g mesh Nitex
screen, and is stored in an acid-washed plastic bottle at 4°Cfor a maximum of 24 hours prior
to use.

6.0 ANALYTICAL METHODS

All samples collected for this project will be analyzed by laboratories approved by the Navv.
Analytical methods use are listed in Table SAP-3 and are referenced in the EPA publication S_ r
846, Test Methods for Evaluating Solid Waste. Appropriate test methods will be used whenever
EPA methods do not exist.
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7.0 HEALTH AND SAFETY
V

During the implementation of this SAP, safety and health considerations will be included. A
separate Health and Safety.Plan (HSP) has been prepared for this project which contain routine
safety procedures, guidelines for field personnel, and emergency procedures.

8.0 RESIDUALS MANAGEMENT

Anv waste or excess samples lnust be disposed according to applicable local, state and federal
environmental laws and regulations. The laboratory performing the analyses is responsible for the
disposal of hazardous waste or residual materials.

9.0 RECORDS

Field and laboratory documentation will constitute the records required under this SAP. Properly
completed field no{ebooks,chain-of-custody forms and laboratory documentation will be kept and
made part of the SAP records.

V
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_, ACOUSTIC IMAGING OF SEDIMENTS

STANDARD OPERATING PROCEDURES 25.4

1.0 PURPOSE

This procedure describes the acoustic imaging activi U that will be conducted in the
Seaplane Lagoon and at the southern and western perimeter seawall of the West Beach
Landfill Wetlands.

2.0 OBJECTIVES

The objectives of the acoustic imagingprocedure areas are as follows:

Characterize fine details of shallow sediment stratigraphy and morphology

Provide an objective rationale for sedimentation rates to be extrapolated across the
site(s)

Enhance and constrain interpretive vertical lithology mapping and characterization
of major sediment units and candidate fast-path transport features in the upper 100
feet of section.

Incorporate acoustic imaging data and lithological borehole data to construct pre-
base geography and paleogeog-raphymodels in order to predict lateral geometries,
extent and variabilityof major sediment units.

3.0 REFERENCES

Anima R. J., P. L. Williams and J. McCarthy, 1992. High-resolution Marine Seismic
Reflection Profiles Across East Bay Faults, in Proceedings, Second Conference on
Earthquake Hazards of the Eastern San Francisco Bay Area, 1991-92, G. Borchardt. S.
Hischfeld, J. McClellan, P. Williams. and I. Wong, eds., Calif. Div. Mines and Geol.
Spec. Pub. 113,18.

Williams, P. L. and R. Anima. 1993. High Resolution Geophysical Profiling in San Pablo
Bay: Visualization of Young Faulting and Structure, in Field Trip Guide to Coast Range
and Napa Valley Geology, R. A. Mathews, E. M. Moores, and B. W. Troxel eds., Assoc.
of Engineering Geologists, Sacramento Section.

Williams, P., P. Taylor, R. Wilhelms. and R. Buell. 1995. The BRIDGE Project: High-
Resolution seismic Reflection Study for the Caltrans Toll Bridge Retrofit Program, Abst.
w/prog., AEG/GRA Annual Meeting.
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Williams, P. L. 1995 Seismic Stratigraphy and Bedrock Depth, Eastern Span, San
Francisco - Oakland Bay Bridge, Caltrans BRIDGE Project Report.

Williams, P. L., R. Anima. L. Ingram, J. McCarthy, T. McEvilly, T. Nakata, M. '_'
Okamura. and K. Shimazaki. 1996. Geometry and Holocene Activity of the Pinole and
Southernmost Rodgers Creek faults, San Pablo Bay, California, (submitted to Geol. Soc.
Am. Bulletin).

4.0 SPECIALIZED EQUIPMENT

The equipment to be used in this procedure is described under experimental procedures.

5.0 EXPERIMENTAL PROCEDURES

1. VHR prof'fling involves the transmission, sensing, and recording of sound energy
emitted from an acoustic source towed behind a vessel. The combination of VHR
profiling, GPS navigation, and Macintosh-hosted images interpretation and map
preparation provides a system for the study of shallow marine deposits.

2. The maximumrecordingdepthof the VHRsystem to be employedin this study is
about 300 feet, with specific experience in the Bay attaining depths of 40 to 50 feet.
This allows visualization of the entire Holocene section in San Francisco Bay.

3. The VHR instrument produces a source pulse containing energy at frequencies
ranging from 3 to 10 kHz. Unique to this VHR system, return energy is captured
with a separate hull-mounted, laterally-shielded receiver. The fidelity of this
equipment proved to be superb in soft sediment areas with low bottom roughness.

4. Survey navigation will be controlled and recorded using the Pelagos Phrognav
navigation system. Differential GPS survey methods will be used to obtain survey
locations. GPS coordinates will be determined using Ashtec M-12 GPS receiver in
conjunctionwith a land-basedGPS receiver and radio link. The land-based
systems data stream is merged with that of the roving GPS system and real-time
differential GPS corrections are obtained. This navigation system will provide
survey accuracy of a few feet.

5. Two shore-parallel survey tracks will be recorded around the western and southern
perimeters of the West Beach Landfall Wetlands, with a total line length of about
24,000 feet.

6. Two shore-perpendicular survey lines will be recorded across the entrance of the
Seaplane Lagoon with a total length of about 12,000 feet. Two shore-parallel
survey lines will be recorded outside of the entrance onto Seaplane Lagoon with a
total length of about 12,000 feet. The area of the Seaplane Lagoon will be surveyed
on a grid pattern designed to include potential borehole locations in and near the
Lagoon. Spacing of survey lines within the lagoon will be determined after
essential survey targets have been established in discussions with the BERC team,
the Navy, and PRC. Dimensions of the Lagoon area are approximately 2000 x
2000 feet, thus a survey grid recorded on 400-foot centers would produce about
20,000 feet of lineal subbottom recordings. Total length of the project survey is
thus approximately 68,000 feet.
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7. This project is planned to obtain all surveys during single field program. In order
that imaging results can be used to optimize overall project results field operations

'_ are designed with sufficient flexJbilityto allow the survey _m'idto be modified as
needed to survey around obstructions, and to allow us to quickly design local
survevs across areas of interest.

8. Because high confidence results are required in this study, acoustic imaging data
will be gathered at two levels of resolution. Two separate acoustic receiving
systems, will be simultaneously recorded. This strategy allows the direct
comparison of overlapping shallow and intermediate depth surveys. The first
receiving system is a Seistec inverted cone receiver, designed for extremely fine-
scale imaging to a nominal depth of 40'. The inverted cone geometry provides
good sound gathering, and helps to shield its receivers from environmental noise.
The Seistic receiver will be recorded along with a multi-element ITI towed-cable
receiver. The ITI receiver is capable of imaging to depth of 100 feet or more. The
multi-element cable receiver provides good signal-to-noise reduction, and the
cable's "hydrophone" receivers are the most sensitive available. The two channels
of data will be recorded using an extremely fast Polaris Imaging Eosin digital
recording system. The acoustic source is a Seistec magnetostrictive "boomer". The
boomer has a bandwidth of 2-7.5 KHz. These frequencies can be expressed 7-75
cm wavelengths. Magnetostrictive "Boomers" have been in use for more than 20
years as shallow imaging sources. Their wide and high frequency range makes
them a good choice for the proposed study.

9. Challenges for acquisition and interpretation of seismic reflection data from the
shallow marine environment include the masking, attenuation and scattering of
seismic energy by various "kindsof environmental noise, entrained gas. and coarse
lithologies. Interpretation can be difficult where submerged objects, out-of-line

_' obstructions, and seismic multiples complicate the seismic records. Criteria have
been developed for the objective evaluation of high resolution marine data.

6.0 ANALYTICAL METHODS

No chemical or physical property measurements will be performed in this procedure.

7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

Field data will be compiled with available borehole and historical data to produce maps of
"original, historic and existing" topography. These "snapshots" will enhance our ability,to
establish portray relationships between the imaging and the borehole data. Lithological
sections will be produced in conjunction with the borehole data, and these combined data
will be interpreted to produce a spatial model of the geometry, lithology and origin of
substrate features, and to infer substrate conditions.

8.0 HEALTH AND SAFETY

The performing organization's health and safetypolicy and program will be complied with
in all work conducted.
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9.0 RESIDUAL MANAGEMENT

No hazardous materials or wastes will be generated in this project. The lagoon and Bay
waters that will contact equipment and protective clothing during the proposed studies is
not regarded as contaminated, and therefore special decontamination of these materials is
not required unless otherwise directed by the Site Health and Safety Officer.

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained
in project record files in accord with the Quality Control Program Plan.
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MICROELECTRODE MEASUREMENTS IN
SEDIMENT CORE PORE WATERS

STANDARD OPERATING PROCEDURE 26.1

1.0 PURPOSE

This SOP describes :he use of an innovative microelectrode to measure the concentrations of
dissolved Fe, Mn, oxygen, and sulfide as a function of depth in a sediment column.

2.0 OBJECTIVES

The objectives of the procedure are as follows:

• Provide data on the presence of the above constituents in the sediment columns

• Profile the oxidation/reduction chemistry, in the sediment that can be used to assess
transformation reactions and concentrationsof chemical constituents in the profile

3.0 REFERENCES

_, Brendel, P. J., and G. W. Luther, Ill. (1995). Developmentof a Gold Amalgam Voltammetric
Microelectrode for the Determination Of Dissolved Fe, M.n,02, and S(-2) in Porewaters of Marine
and Freshwater Sediments. Environ. Sci. Technol. 29(3) 751-761.

4.0 SPECIALIZED EQUIPMENT

The microelectrode used for this study will be borrowed from Dr. Luther, Department of
Chemistry,and Biochemistry, and College of Marine Studies, Universit'y of Delaware.

5.0 EXPERIMENTAL PROCEDURES

5. I The procedures for the measurements using the electrode are described in the referenced
paper; the paper is included in this SOP as Attachment 26.1-1

5.2 The microelectrode can potentially provide measurements on a frequency of several
millimeters, and therefore data collection will be essentially continuous over the 20 cm core depth.
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6.0 ANALYTICAL METHODS

6.1 The gold amalgam voltammetric microelectrode (Brendel and Luther, 1995) will be used to
determine dissolved Fe(II), Mn(II), O:, and S(-I]') concentrations in pore waters. The analyses of
pore waters using the microelectrode are completely described in the referenced paper.

6.2 The microelectrode has been developed for the express purpose of measuring the specified
constituents in sediment columns as a function of depth on a scale of millimeters. The attached
paper specifically addresses topics such as maintenance, calibration, and conditioning of the
electrode. Interferences as well as the effects of pH and other constituents are discussed in the
paper. Similarly, the expected performance and the quality control measures to be used in the
proposed measurements are also described.

7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

Examples of how the data ar_ analyzed, interpreted and presented are described in the attached
paper.

8.0 HEALTH AND SAFETY

The performing organization's health and safety, policy and program will be complied with in all
work conducted.

9.0 RESIDUALS MANAGEMENT

Under Federal Treatability Study Sample Exemption Rule, collection of hazardous wastes for
purposes of conducting treatability studies are conditionally exempt from generator and transporter
requirements (40 CFR parts 262 and 263).

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained in
project record files in accordance with the Contractor Quality Control Program Plan (CQCPP) and
the Standard Quality. Procedure (SQP).

V
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Attachment 26.1-1

Brendel, P. J., and G. W. Luther. III.
Development of a Gold Amalgam Voltammetric ,'_Iicroelectrode for the

Determination of Dissolved Fe, Mn, 02, and S(-2) in Porewaters
of Marine and Freshwater Sediments

Environ. Sci. Technoi. 29(3) 751-761, 1995
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PORE WATER CONSTITUENT MEASUREMENTS

STANDARD OPERATING PROCEDURE 26.2

1.0 PURPOSE

This procedure describes the collection of pore water samples from discrete depth intervals of
saturated sediment cores. The methods used to analyze the pore water samples for anions, and
trace and major metals are also described.

2.0 OBJECTIVES

The objectivesof the proceduresare as follows:
• Obtainporewatersamplesfromdefineddepthintervalsof sedimentcores

• Provide analyses of anions, and major and trace metals

• Profile the constituents as a function of depth

3.0 REFERENCES

Jahnke, R. A. 1988. A Simple, Reliable, and Inexpensive Pore-water Sampler. Lirrmol.
Oceano_. 33(3) 483-487.

Esser B. K., Volpe A., Kermeally J. M., and Smith D. K. (1994). Preconcentration and
Purification of Rare Earth Elements in Natural Waters using Silica-immobilired 8-
hydroxyquinoline and a Supported Organophosphorus extractant. Analytical Chemistry.,
66, 1736--1742.

4.0 SPECIALIZED EQUIPMENT

A device for extracting pore water from sediment cores will be constructed similar to that described
in the by Jahnke (1988); this paper is included in this SOP as Attachment 26.2-1.

5.0 EXPERIMENTAL PROCEDURES

5.1 A 50 cm polymer sleeve (acrylic)used for sediment core collection will be predrilled at 5
cm intervals to provide sampling ports. This sleeve will be inserted into the sediment corer for
sample collection.

5.2 After sample collection, the core in a sleeve will be capped and transported to LLNL for
pore water and solid sampling. To maintain the chemical redox state in the sediment, the sediment

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
Standard Operating Procedures. Draf! Final Februa_' 1997



core will be transported and stored at 4°C. Pore water sampling and analyses will be conducted
within 24 hours of sample collection.

5.3 The pore waters will be sampled by placing the 50 cm sleeve containing the undisturbed
sediment core directly into a pressurized core pore water sampler (Jahnke, 1988).

5.4 Pore water samples are collected by placing gas tight syringe with 0.4 um filter into the
sampling ports. As the core is pressurized, pore water samples from the corresponding depth
seg'ments are forced into the sample syringes. Approximately i0 discrete, depth-specific pore
water samples will be collected for analyses.

5.5 Artion,total inorganic carbon, and dissolved organic carbon will be analyzed immediately
after the pore waters are extracted from the pore water sampler. All transfers will be made in gas
tight syringes.

5.6 For total metal analysis, aliquots of the pore waters will placed in preacidified bottles for
preservation. Metal analyses will be conducted within 15days of samples collection.

6.0 ANALYTICAL METHODS

6.1 An.ionAnalysis: The anions of interest (CI', F, NO.2, NOs, SO,2 and PO_3) will be
analyzed using Waters Ion Chromato_aphy method A-101 with Hewlett Packard 1090 liquid
chrornatoga-aph, and using a Waters IC-Pak A column and borate gluconate eluent.
Approximately 1ml of sample is needed for these analysis.

6.2 Total Trace Metals (Cd, Cu, Cr, Ni, Pb, Zn): Trace metal concentrations in the pore waters
are expected to be less than ug/L (or parts per billion, ppb) concentrations. Therefore, analyses
will be conducted in a class 100 clean room equipped with vented laminar flow hoods and a VG
Plasma Quad PQ2 ICP-MS to collect accuratemetal concentrations. Isotope spike additions for
each trace metal of interest will be added to the filtered pore waters, followed by silica-
immobiliTation8-hydroxyquinoline purification treatment to remove the metals from the complex
solution matrix which interferes with trace metal analyses (Esser et al., 1994). Detection limits of
this techniques are on the order of 10_ ppb.

6.3 Total Major Elements: Pore waters will be analyzed by ICP-AES (Applied Research
Laboratory, Model 3560) for total dissolved A1, Ca, Fe, Na, Mg, Mn, and S, which have the
respective detection limits: 0.06, 0.01, 0.02, 0.5, 0.01, 0.1, and 0.6 pprn, respectively.

7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

Analysis data for the constituents as a function of depth will be presented in tabular form and in
_aphical form.

8.0 HEALTH AND SAFETY

The performing organization's CQCPP and Health and Safety Plan will be complied with in all
work conducted.
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9.0 RESIDUALS MANAGEMENT

Under Federal Treatability Study Sample Exemption Rule, collection of hazardous wastes for
_' purposes of conducting treatability studies are conditionally exempt from generator and transporter

requirements (40 CFR parts 262 and 263).

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained in
project record files in accordance with the CQCPP and SQP.
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Attachment 26.2-1

_' Jahnke, R. A..
A Simple, Reliable, and Inexpensive Pore-water Sampler.

Limnology and Oceanography 33(3) 483-487, 1988
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otmcum_l_bloom, creasesthe number ofcores that can be pro-
._pl.En_ron.m,- cessed and the pore-water analyses that can

FundedbyNSF grantOCE 87-96328. be completed at sea.
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SEDIMENT BULK AND MINERALOGICAL ANALYSES

_' STANDARD OPERATING PROCEDURE 26.3

1.0 PURPOSE

This procedure describes the sample preparation and analyses of sediment solids. The analysis
procedures include determination of the mineralogy, morphology, and bulk metals concentrations.
This information will be used to assess the samples that are most representative of the sediment
column.

2.0 OBJECTIVES

The objectives of the procedures are as follows:
• Provide analyses of bulk (total) metals concentrations for comparison with data obtained

by PRC

• Provide data on mineralogy and morphology of sediment materials to determine the types
of solids in samples

• Compare sediment properties to determine samples that are most representative of the
sediment profile for subsequent x-ray absorption spectroscopy

3.0 REFERENCES

Regal A. R. Cutter L. S., and Martin J. H. (1981). A Study of _e Chemistry of Marine
Sediments and Wastewater Sludge, Calif. State Water Res. Control Board.

4.0 SPECIALIZED EQUIPMENT

Equipment to be used is described the AnalyticalMethods section

5.0 EXPERIMENTAL PROCEDURES

5.1 To prevent oxidation of the sediments, the 2 m cores will be sectioned as a function of
depth in a nitrogen environment. The sediment core will be sega'nentedfor analyses in 20 cm
increments, providing 10 discrete samples. If necessary, sections will be rinsed in oxygen-free
water containing a sodium chloride (NaC1)concentration similar to the site waters to remove any
dissolved metals in the pore waters.
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5.2 The rinsed sections will be immediately freeze dried. In the absence of water, no chemical
reactions take place. The dry solids will be dry sieved to determine sediment size fractions. The
individual size fractions will"be dry grounded into a fine powder for subsequent analysis.

6.0 ANALYTICAL METHODS

6.1 Bulk mineralogy will be analyzed on the solid powders using powder x-ray diffraction
with a Scintag x-ray diffractometer XISH- 105 using Cu Ka radiation. The samples will be analyzed
by continuous step scan from 2° to 70° 2-theta with a step size of 0.02 ° using 1 by 2 mm entrance
and 0.3 by 0.2 mm exit slits.

6.2 Sediment morphology of the powder,., will be determined, if necessary., by analysis with a
Hitachi S-800 SF_M with a Kevex 8000 energy dispersive spectrometer EDS and a beryllium
window. This technology affords the morphology and micro-chemical analysis of the sediment
samples.

6.3 The bulk inorganic composition represented by total metals and sulfur concentrations in the
solid phases will be determined by ICP- AES (AppLied Research Laboratory., Model 3560)
following aqua regia digestions of the solid powders (Flegal et al., 1981).

7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

The measurements of bulk composition will be compared to data from PRC to determine the
samples that appear to be most representative of lagoon sediments. These data as well as the
mineralogy and morphology information will then be used to select samples that are of interest
because of their common occurrence in sediment or higher concentrations of metals of concern.
These samples (not less than 4 but not more than 8) will be analyzed by x-ray absorption
spectroscopy.

8.0 HEALTH AND SAFETY

The performing organization's health and safety poLicy and program will be complied with in all
work conducted.

9.0 RESIDUALS MANAGEMENT

Under Federal Treatability Study Sample Exemption Rule, collection of hazardous wastes for
purposes of conducting treatabiLitystudies are conditionally exempt from generator and transporter
requirements (40 CFR parts 262 and 263).

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained in
project record files in accordance with the CQCPP and SQP.
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_' SEDIMENT METAL SPECIATION ANALYSES

STANDARD OPERATING PROCEDURE 26.4

1.0 PURPOSE

This procedure describes the analysis of selected sediment samples by x-ray absorption
spectroscopy to determine metal speciation in sediments.

2.0 OBJECTIVES

The objective of the procedure is to provide information of the speciation of the metals in sediment.

3.0 REFERENCES

Brown, G.E., Jr., Calas, G., Waychunas, G.A., and Petiau, J. (1988) X-ray Absorption
Spectroscopy and its Applications in Mineral%_, and Geochemistry. Spectroscopic
Methods in Mineralogy and Geology, F. Hawthorne, ed., Reviews in Mineralog'y 18,
Washington, DC: Mineral. Soc. of Amer., pp. 431-512.

Brown, G.E., Jr. (1990) Spectroscopic Studies of Chemisorption Reaction Mechanisms at Oxide-
_' water Interfaces. Mineral-Water Interface Geochemistry, M.F. HocheUa, Jr. and A.F.

White, eds., Reviews in Mineralogy 23, Washington, DC: Mineral. Soc. Amer., 309-363.
Carroll S., Phillips B., O'Day P., Waychunas G., and Piechowski M. (1994) Environmental

Applications of EXAFS: Zinc Structure in Acid Mine Drainage Sediments. GSA Abstracts
with Programs A-289.

Carroll S., O'Day P., Waychunas G., and PhiUips B., (1995) EXAFS of Heavy Metal
Coordination in Acid Mine Drainage.American Chemical Society GEOC 008.

Manceau, A. and Charlet, L. (1992) X-ray Absorption Spectroscopic Study of the Sorption of
Cr(1-l)at the Oxide-water Interface. I, Molecular mechanism of Cr(m') oxidation on Mn
oxides. J. Colloid Interface Sci. 148,425-.442.

O'Day, P.A., Brown, G.E., Jr., and Parks, G.A. (1994a) X-ray Absorption Spectroscopy of
Cobalt(I_ Multinuclear Surface Complexes and Surface Precipitates on Kaolinite. J.
Colloid Interface Sci. 165,269-289.

O'Day, P.A., Brown, G.E., Jr., and Parks, G.A. (1994b) MolecularStructureand Binding Sites
of Cobalt(IT)Surface Complexes on Kaolinite from X-ray Absorption Spectroscopy. Clays
Clay Miner. 42, 337-355.

O'Day, P.A., Carroll, S.A., Waychunas, G.A., and Phillips, B., (1995) XAS of Trace Element
Coordination in Natural Sediments at Ambient and Cryogenic Temperatures. Physica B.
208-209, p.309-310.

Rehr, J. J. (1993) Recent developments in Multiple-scattering Calculations of XAFS and XANES.
Japanese Journal of Applied Physics, s32-2, 8-12.

Waychunas, G.A., Rea, B.A., Fuller, C.C., and Davis, J.A. (1993) Surface Chemistry of
Ferrihydrite: Part 1. EXAFS Studies of the Geometry of Coprecipitated and Absorbed
Arsenate. Geochim. Cosmochim. Acta 57, 2251-2282.
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Knauss K. and Wolerv T. J. (1986) Dependence of Albite Dissoltuion Kinetis on pH and time at
25 and70°C.GeochemicaCosmochimcaActa,50, 2481-2497.

4.0 SPECIALIZED EQUIPMENT

Equipmentto be usedin theprocedureis describedin the AnalyticalMethodssection

5.0 EXPERIMENTAL PROCEDURES

5.1 The tracemetalsCd, Cu, Cr, Hg, Ni, Pb, and Zn and theirredoxstate in the solid phase
will be determinedusing synchrotron-basedx-rayabsorptionspectroscopy(XAS).To determine
the chemical re.',.ctionsthat control metal distribution, the mineral phases ml_st be identified that are
associated with the metal species and the metal ion coordination, bonding, and oxidation state.
XAS is one of the few techniques that can provide quantitative information about the local
molecular structure of environinentally-important elements at mineral-solution interfaces (Brown et
al., 1988; Brown 1990; Manceau and Charlet, 1992; O'Day et aI., 1994a,b; Waychunas et al.,
1993). Carroll and co-workers have demonstrated the feasibility of using this technique on metal
ions in complicated acid mine drainage sediments.

5.2 Approximately 4 to 8 samples collected and prepared according the SOP 26.3 will be
analyzed. The samples will be selected for XAS analysis based on their representativeness as
determined in SOP 26.3 and with concurrence of the Navy.

6.0 ANALYTICAL METHODS

6.1 Absorption spectra for dried, untreated solid powders will be measured at the Stanford
Synchrotron Radiation Laboratory (SSRL) on beamlJnes 4-3 or 10-2 at cryogenic temperature
(=I0°K) under dedicated conditions (3 GeV, 40-90 mA). High iron samples will be diluted by
50% with B(OH)3 to enhance si=_nalstatistics.

6.2 The dry powder samples will be loaded into I mm thick AI holders and sealed with Mylar
film. Cd (26.5 to 27.8 keV), Cu (8.9 to 9.6 keV), Cr (5.9 to 6.5 keV), Ni (8.3 to 0.9 keV), Zn
(9.4 to 10.7 keV) K-edge and Pb (13.0 to 14.1 keV) L(m)-edge and their extended spectra will be
collected using an unfocused Si(220) or Si(lll) monochromator crystal and a 13-element Ge
fluorescence array detector.

6.3 Solid standard compounds will be diluted with inert B(OH)3 to produce approximately
30% transmission of the incoming beam. Model spectra will be collected in transmission-mode
using N2- At, and Ka'-f'flledion chambers (optimized for beam energy). Ener=oT calibration will be
obtained by simultaneous collection of a metal foil or standard compound for the element of
interest. Harmonic rejection will be acb.ieved by detuning the incoming beam by 30 to 50% of
maximum intensity.

6.4 Depending on metal concentration. 3-30 scans will be collected and averaged for each
sample.

6.5 Data reduction and analysis will be performed with the EXAFSPAK programs (G. George.
SSRL). For spectra analysis, reference phase-shift and amplitude functions will be generated
using FEF'F6 (Rher, 1993) based on atomic clusters from known crystal structures.
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7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

This informationon metal speciation willbe used with geochemical models and data from the pore
water analyses to estimate chemical behavior in undisturbed sediments. Also, the presence of zero-
valent metals (in the metallic form) will also be useful for comparison with the lead-210 and other
sediment dating procedures to assess the despositional history of the sites.

8.0 HEALTH AND SAFETY

The performing organization's health and safety policy and program will be complied with in all
work conducted.

9.0 RESIDUALS MANAGEMENT

Under Federal Treatability Study Sample Exemption Rule, collection of hazardous wastes for
purposes of conducting treatability studies are conditionally exempt from generator and transporter
requirements (40 CFR parts 262 and 263).

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained in
project record fries in accordance with the CQCPP and SQP.
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LEACHING FROM DISTURBED SEDIMENTS

STANDARD OPERATING PROCEDURE 26.5

1.0 PURPOSE

This procedures is to simulate leachate solutions from Seaplane Lagoon sediments that have been
dredged and placed on land where they are exposed to air and rainwater.

2.0 OBJECTIVES

The objective of the procedure are as follows:

• Evaluatethe trace metal constituent concentrations as a function of tie that may be expected to
leach from dredged sediment soils

• Assess changes in sediment speciation after extended leaching with aerated water

3.0 REFERENCES

Knauss, K., and T.J. Wolery. 1986. Dependence of Albite Dissolution Kinetics on pH and Time
at 25° and 70°C. Geochemical Cosmochimica Acta, 50, 2481-2497.

4.0 SPECIALIZED EQUIPMENT

5.0 EXPERIMENTAL PROCEDURES

5.1 The following experiment will be conducted on sediments from the Seaplane Lagoon to
determine the rate at which metal contaminants are released into the more mobile aqueous phase.
Leaching experiments will be conducted on two sediment samples considered to be of most interest
based on discussions among the Co-Principal Investigator, lead Principal Investigator, and the
Navy.

5.2 The experiments will be performed in flow-through reactors at room temperature (Knauss
and Wolery, 1986). In these experiments, the rate of metal leached is proportional to the change in
concentration between the imput and output solutions; the imput leaching solution will be analyzed
periodical too.

5.3 The initial sediment solid phase will be well mixed, but not ground to a uniform size
fraction. All rates will be normalized with respect to total mass of sediment and possibly the initial
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concentration of metal contaminant. The duration of the leaching experiments will be 3 months and
the following sample schedule will be followed: days I, 2, 3, 5, 8, 1i, 14, 21, 28, 35, 42, 49,
56, 63, 70, 80, and 90. The solution pH and total metal sill be analyzed according to the
procedures described in SOP 26.2.

5.4 These experiments are designed to measure the rate at which metals in the subsurface are
leached into the aqueous phase when they are removed from their oxygen poor environment to an
oxygen rich environment. The leaching solution will consist of distilled and deionized water
equilibrated with atmospheric carbon dio:dde; this composition simulates rainwater.

5.5 At the completion of these experiments, the solids will be freeze-dried and ,mound for XAS
(see SOP 26.4 above) 'o determine if the metal speciation in the solids phase chm,ged during the
leaching experiment. This information is important, because it is highly likely that metals that are
stable in ano,'cicsediments wil! dissolve and then sorb on or react with other solid phases in oxic
sediments. If this is the case, then the long-term availability of the metals may be significantly
limited, because the metals will be associated with solid phases in both envirot,ments. These
experiments will provide leaching rates that can be applied to remediation scenarios that involve the
dredging of Seaplane Lagoon _ediments and their subsequent disposal on land.

6.0 ANALYTICAL METHODS

The composition of the leachate and the speciation of metals in the leached sediment will be
analyzed as described in SOP 26.2 and 26.4, respectively.

7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

The data from the leaching experiments will be presented in tabular and graphical formats. The
speciation of the resulting leached sediments also will be compared to the speciation of the original
sediment materials, and interpreted based on the composition of the leachate.

8.0 HEALTH AND SAFETY

The performing organizations health and safety,policy and progam will be complied with in all
work conducted.

9.0 RESIDUALS MANAGEMENT

Under Federal Treatability Study Sample Exemption Rule. collection of hazardous wastes for
purposes of conducting treatability studies are conditionally exempt from generator and transporter
requirements (40 CFR parts 262 and 263).

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained in
project record files in accord with the Quality Control Prog'ram Plan.
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PORE WATER TOXICITY TEST

_' STANDARD OPERATING PROCEDURE 27.1

1.0 PURPOSE

This Standard Operating Procedure (SOP) describes the steps followed i_ the assessment of pore
water toxicity at the Seaplane Lagoon and the West Beach Landf'dl Wetlands. This procedure is
applicable to BERC and subcontractor personnel involved in collection of environmental samples
and performance of specific tests required under this study.

2.0 OBJECTIVES

The objective of the test conducted under this study is to evaluate toxicity of the pore water fraction
of sediment from the Seaplane Lagoon and the West Beach Landfill Wetlands.

3.0 REFERENCES

American Public Health Association (APHA). 1995. Standard Methods for the F_ramination of
Water and Wastewater. 19th Edition., Washington D.C.

American Society for Testing and Materials (ASTM). 1989. Guide for Conducting Static Acute
Toxicity Tests Starting with Embrb'os of four species of Saltwater Bivalve Molluscs.
Method E 724-89. American Society for Testing and Materials. Philadelphia, PA.

Anderson, B.S., J.W. Hunt, M. Hester, and B.M. Phillips. 1995. Assessment of Sediment
Toxicity at the Sediment-Water Interface. In Press in Techniques in Aquatic Toxicity.
SRC Press. Boca Raton, F!orida.

Anderson, S.L., E. Hoffman, D. Stewart, and J. Harte. 1990. Ambient Toxicity Characterization
of San Francisco Bay and Adjacent Wetlands Ecosystems. LBL-29579.

Anderson, S.L., and J.P. Knezovich. 1995. Potential Positive Interferences in Sediment Toxicity
Tests. A Briefing Report to the In Bay Studies Work Group of Interagency Long Term
Management Strategy (LTMS) Committee. September 1995.

Anderson, S.L., J.P. Knezovich, J. Jelinski, and D.J. Steichen. 1995. the Utility of using Pore
Water Toxicity, Tests to Develop Site-Specific Marine Sediment Quality, Objectives for
Metals. LBL-37615.

Anldey, G.T., and M.K. Schubauer-Berigan. 1994. Comparison of Techniques for the Isolation
of Sediment Pore Water for Toxicity Testing. Arch. Environ. Contain. Toxicol. 27, 507-
512.

Knezovich, J.P., D.J. Steichen, J.A. Jelinski, and S.L. Anderson. 1996. Sulfide Tolerance of
Four Marine Species Used to Evaluate Sediment and Pore Water Toxicity. Bull. Environ.
Contain. Toxicol. (in press).

Swartz, R.C., W.A. De Ben, J.K.P. Jones, J.O. Lamberson, and F.A. Cole. 1985.
Phoxocephalid Amphipod Bioassay for Marine Sediment Toxicity. Aquatic Toxicolog2y
and Hazard Assessment: Seventh Symposium. ASTM STP 854. R.D. Cardwell, R.
Purdy, and R.C. Bahner, Eds., American Society for Testing and Materials, Philadelphia.
PA, pp 284-307.
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United States Environmental Protection Agency (USEPA). 1995. Short Term Methods for
Estimating the Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine
and Estuarine Organisms. EPA-600-4-91-003. July, 1994.

Umted States Environmental Protection Agency (USEPA). 1994. Short Term Methods for
Estimating the Chronic Toxicity of Effluents and Receiving Waters to West Coast Marine
and Estuarine Organisms. E15A./600/R-95-136. August, 1995.

WEST, Inc.. & D.D. Gulley, 1994. Toxstat 3.4. Western Ecosystems Technology, Inc.
University of Wyoming.

4.0 SPECIALIZED EQUIPMENT AND MATERIALS

Specialized equipment to be used in the toxicity,tests include a Sorval RC-2 centrifuge for pore
water extraction, Ponar dredger for sediment collect;on, water baths, 20-ml glass scintillation
vials, and a Nitex mesh, Leitz and reichert corrpound microscopes, Oriental dissecting
microscopes, a Perkin-Elmer spectrophotometer, several Orion meters and glassware.

5.0 EXPERIMENTAL PROCEDURES

The pore water tests are conductedby exposingtest organisms to pore water extractedfrom
sedimentsamplesusingthe followingprocedures:

A. _eneral Procedures

1. Two species,an amphipodandan echinoderm,will be usedin thisstudy.
2. Sedimentsamplesare stored at 40-8° C for no more than 24 hours prior to pore water

extraction.
3. Porewaterfor testingis obtainedusingSOP25.3.

B. TheEchinoderm72-HourDevelopmentTest.

AllechinodermtestsfollowEPQAmethodsforwatercolumntesting(EPAJ600/R-95/136)with the
followingexceptions:

1. The testsareconductedusingeitherpurplesea urchins (Strongylocentrotuspurpuratus)or
sand dollar(Dendrasterexentricus)embryos,at a salinityof 34 ppt +_.29.If unavailable,a
bivalvetest willbe conducted(seeC below).

2. Organismsareheld in aquariumwithcleanf'dteredseawaterat approximately8"Cprior to
spawning.Adultsarespawnedby injecting1-2millilitersof 0.5M potassiumchloride into
theiroral cavity.

3. Spermis collectedby dry spawning(S. Andersonet. al., 1990). Tests are run in 20-rrd
glassscintillationvialswitha 20-mltestvolumeof porewater.

4. The test is terminatedby adding1ml of 5% gluteraldehydesolution to each of the vials
after 72 hours.

5. Percentnormaldevelopmentisdeterminedat the endof thetest.

C. The Bivalve48-Hourt_mbryoDevelgpmentTest

1. The bivalve developmentaltest will be used as an alternateto the echinoiderm test,
dependingon availabilityof thepreferredtestspecies.
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2. The 48 hour bivalve test will be performed using either mussel embryos. Mvtilus edulis or
at a salinity,of 30 ppt ±2. Adults are spawned in water baths heated to 20°C with clean.
filtered seawater.

3. At the onset of spawning, each individual is separated into a beakercontaining clean filtered
seawater at test temperature.

4. Tests are run in 20ml glass scintillationvials with a 20-ml test volume of pore water. This
reduces the head space in the vial and minimizes any artifacts of oxidation.

5. The test is terminated by adding lml of 5% gluteraldehyde solution to each of the vials after
48 hours.

6. Percent normal development is determined at the end of the test.

D. Alternative: Amphipod 10-DaySu-vivalTest

I. Pore water toxicity tests using the amphipod Eohaustorius esntarius are conducted using a
modification of Swartz et al. (1985).

2. Tests are run in 200-ml acid wasaed plastic cups with 100-ml of test solution and five
amphipods per cup.

3. The test chambers are Coveredwith loosely fitted caps to redvce evaporation.
4. Tests are conducted in pore water with both a seawater and site-water control at 16°C

without the addition of sediment. Previous studies by the principal investigators have
demonstrated excellent survival in 100-ml solutions without sediment (Anderson et aL,
1995).

5. Ampkipod survival is monitored daily and dead amphipods are removed.
6. SalJmty and temperature are monitored daily, and pH, percent oxygen, and ammonia are

measured at the beginning and end of each test. The standard endpoint for this test is
percent survival.

6.0 ANALYTICAL METHODS
_,

All samples collected for this project will be analyzed by laboratories approved by the Navy.
analytical methods used are listed in Table SAP-3, and are referenced in the EPA publication SW
846, Test Methods for Evaluating Solid Waste. Appropriate test methods will be used whenever
EPA methods do not exist.

7.0 HEALTH AND SAFETY

Work conducted under this study will comply with the Health and Safety Plan (HSP) prepared for
this project; the HSP contain routine safety procedures, guidelines for field personne!, and
emergency procedures.

8.0 RESIDUALS MANAGEMENT

Under Federal Treatability Study Sample Exemption Rule, collection of hazardous wastes for
purposes of conducting treatability studies are conditionally exempt from generator and transporter
requirements (40 CFR parts 262 and 263).
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Anv waste or excess samples must be disposed according to applicable local, state and federal
environmental laws and regulations. The laboratory,performing the analyses is responsible for the
disposal of hazardous waste or residual materials.

9.0 RECORDS

Field and laboratory,documentation will constitute the records required under the SAP. Properly
completed field notebooks, chain-of-custody forms and laboratory,documentation will be kept and
made part of the SAP records.
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SEDIMENT WATER INTERFACE CORE TEST (SWIC)

STANDARD OPERATING PROCEDURE 27.2

1.0 PURPOSE

This procedure describes the steps followed in the characterization of sediment toxicity at
Seaplane Lagoon and the West Beach Landfill Wetlands. Specifically, the distribution of
toxic responses at the two site using intact surface sediment toxicity, tests will be
characterized. This procedure is applicable to BERC and subcontractor personnel involved
in collection of environmental samples and performance of specific test required under this
study.

2.0 OBJECTIVES

Another objective of the tests conducted under this study is to characterize how sediment
toxicity, varies with depth in Seaplane Lagoon. The objectivesof the test it to assess the
toxicity of sediment to test organisms.

3.0 REFERENCES

Anderson, B.S., J.W. Hunt, M. Hester, and B.M. Phillips. 1995 Assessment of
_, Sediment toxicity at the Sediment-Water Interface. In Press In Techniques in Aquatic

Tordcity. CRC Press. Boca Raton, Florida.

Anderson, S.L.E. Hoffman, D. Steward, and J. Harte. 1990. Ambient Toxicity
Characterization of San Francisco Bay and Adjacent Wetlands Ecosystems. I_U29579,

Anderson, S.L., and J.P. Knezovich. 1995. Potential Positive Interferences in Sediment
Toxicity Tests. A Briefing Report to The In Bay Studies Work Group on Interagenc3'
Long Term Management Strategy (LTMS) Committee. September 1995.

Anderson, S.L., and J.P. Knezovich, J. Jelinski, and D.J. Steichen. 1995. The Utility of
using Pore Water Toxicity Tests to Develop Site-Specific Marine Sediment Quality
Objectives for Metals. LBL-37615.

Ankley, G.T. and M.K. Schubauer-Berigan. 1994. Comparison of Techniques for the
Isolation of Sediment Pore Water for Toxicity Testing. Arch. Environ. Contam. Toxicol.
27, 507-512.

Knezovkch, J.P., D.J. Steichen, J.A. Jelinski, and S.L. Anderson. 1996. Sulfide
Tolerance of Four Marine Species Used to Evaluate Sediment and Pore Water Toxicity.
Bull. Environ. Contain. Toxicol. (in press)

Swartz, R.C., W.A. De Ben, J.K.P. Jones, J.O. Lamberson, and F.A. Cole. 1985.
Phoxocephalid Amphipod Bioassay for Marine Sediment Toxicity. Aquatic Toxicology
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and HazardAssessment: Seventh Symposium, ASTM STP 854, R.D. Cardwell, R.
Purdy, and R.C. Bahner, Eds, American Society for Testing and Materials, Philadelphia,

PA. pp. 284-307.

United States Environmental Protection Agency (USEPA). 1995. Short Term Methods
for Estimating the Chronic Toxicit'v of Effluents and Receiving Waters to West Coast
Marine Estuarine Organisms. EPA-600-4-91-003. July, 1994.

4.0 SPECIALIZED EQUIPMENT

Specialized equipment to be used in the SWlC test are shown in presented in Section 5.3.2
of the Work Plan.

5.0 PROCEDURES

A. General Procedures

1. Sediment water interface corer (SWIC) tests are conducted by placing test
organisms in contact with whole sediment cores fitted with mesh screen inserts. Art
amphipod and an echinoderm species will be used in this study.

2. Procedures for collecting intact cores are reviewed in SOP 25-1.

3. All sediment core samples are stored at 4°Cwithout freezing and with no head-
space prior to testing, to reduce the risk of artifacts. Twenty-four hours prior to
testing, the initial site-water is extracted from each core and replaced with 250 ml of
0.45 I.tmfiltered site-water. Inserts are then placed inside the corers and the corers
are allowed to equilibrate at test temperature.

B. Echinoderm 72-Hour DevelopmentTest

I. The sediment water interface echinodermtoxicity tests are conducted using a
modification of B. Anderson et al., (1995) and the EPA protocol for water column
testing (EPAJ600/R-95/136).

2. Echinoderms are spawned as described previously (See SOP 27-1). Approximately
600 embryos are inoculatedinto eachcore insert. Inserts have a mesh screen size
of 50um to prevent embryos from falling onto sediment. Since the embryos are
negatively buoyant, they will settle on the Nitex screen, which is at the sediment
water interface.

3. At the end of the exposure, the inserts are removed from the core and rinsed in
clean filtered seawater. The embryos are washed through a funnel into a 20 ml.
glass scintillationvial and fixed with a 5% final concentration gluteraldehyde.
Percent normal development is determined at the end of the test.
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C. Alternative: Bivalve 48-Hour Embryo DevelopmentTest

1. The sediment water interfacebivalve toxicity tests are conducted using a
modification of B. Anderson et al., (1995) and the ASTM protocol for water

_" column testing (E-724-89).
2. Bivalves are spawned as described previously (See SOP 27-1).

3. Approximately 600 embryos are inoculated into each core insert. Inserts have a
mesh screen size of 50 gm to prevent embryos from falling onto the sediment.
Since the embryos are negativelybuoyant, they will settle on the Nitex screen,
which is at the sediment water interface.

4. At the end of the exposure, the inserts are removed from the core and rinsed in
clean filtered seawater. The embryos are washed through a funnel into a 20 ml
glass scintillation vial and fixed with a 5% final concentration gluteraldehyde.
Percent normal development is determined at the end of the test.

D. Amphipod 10-Day SurvivalTest

Amphipod toxicity,tests are conducted as described previously (See SOP 27-1) with the
following modifications:

1. Five amphipods are placed into each corer insert. Inserts have a mesh screen size
of 50 _tmto prevent amphipods from burrowing into sediment.

2. At the end of the exposure period (10days) the inserts are removed from the
corers and rinsed in clean filteredseawater.

3. The amphipods are washed through into a 5 cm x 5 cm x 5 cm container filled with
clean seawater.

4. The number of live amphipods is counted and percent survival is the accepted
endpoint.

6.0 ANALYTICAL METHODS

All samples collected for this project will be analyzed by laboratories acceptable to the
Navy. Analytical methods use are listed in Table 5-2 and are referenced in the EPA
publications SW 846, Test Methods for Evaluating Solid Waste. Appropriate test methods
will be used whenever EPA methods do not exist.

7.0 HEALTH AND SAFETY

During the implementation of this SAP, safety and health considerations will be included.
A separate Health and Safety Plan (HSP) has been prepared for this project which contain
routine safety procedures, guidelines for field personnel, and emergency procedures.
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8.0 RESIDUALS MANAGEMENT

Any waste or excess samples must be disposed according to applicable local, state and
federal environmental laws and regulations. The laboratory performing the analyses is
responsible for the disposal of hazardous waste or residual materials.

9.0 RECORDS

Field and laboratory documentation will constitute the records required under this SAP.
Properly completed field notebooks, chain-of-custody forms and laboratory documentation
will be kept and made part of the SAP records.

V
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TOXICITY IDENTIFICATION EVALUATIONS

STANDARD OPERATING PROCEDURES 27.3

1.0 PURPOSE

This Standard Operation Procedure (SOP) describes the toxicity, identification evaluation
(TIE) approach which employs a series of chemical fractionations ard manipulations of
pore water that are subsequently used to identify the compound or class of compounds that
are responsible for the observed toxic effects in the pore water samples from Seaplane
Lagoon and West Beach L.andfill Wedands. This procedure is applicable to BERC and
subcontractor personnel involved in collection of environmental samples and performance
of specific test under this study.

2.0 OBJECTIVES

The objectives of this task are to identifv the classes and identifies of toxicants that are
responsible for pore water toxicity, at the Seaplane Lagoon and the West Beach Landfill
Wetlands. The work is focused on identifying toxicants in pore water from surface
sediments at both sites.

This task will be closelv coordinated with evaluation of survival and development toxicity
(SOP 27.1). The resuffs of these coordinated tasks will provide the identity, of chemical
classes and individual contaminants at the Seaplane Lagoon and at the West Beach Landfill
Wetlands that are responsible for sediment toxicity.

3.0 REFERENCES

American Public Health Association (APHA). 1985. Standard methodsfor the
Examination of Water and Wastewater, 16thed. Washington. DC.

Anderson, S.L., J.P. Knezovich, J.A. Jelinki, and D.J. Steichen. 1995. The Utility of
Using Pore Water Toxicity,Testing to DevelopSite-specific Marina Sediment Quality
Objectives for Metals. Lawrence Berkeley National Laboratory,,Berkeley, California,
LBL-37615.

Anldey, G.T., M.K. Schubauer-Berigan, J.R. Dierkes, and M.T. Lukasewycz. 199la.
Sediment Toxicity Identification: Phase I (Characterization), Phase II (Identification) and
Phase ITI(Confirmation) Modification of Effluent Procedures. Technical report 08-91
(EPA/600/6-91/007).

Burkhard L.P., and E.J. Durhan. 1991. Identification of Nonpolar Toxicants in Effluents
using Toxicity-based Fractionation with Gas Chromatography/mass spectrometry. Anal
Chem. 63:277-283.
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Hoffman. E..R., S.L. Anderson, and J.P. Knezovich. 1994. Determinants of Sediment
toxiciw in San Francisco Bay, "Final Report to the U.S. Army Corps of Engineers, LBL-
36592/UC-000 (1994), pp. 125.

V

Hoke. R.A., J.P.Giesy, and R.G. Kreis Jr. 1992. Sediment Pore Water Toxicity
Identification in the Lower Fox River and Green Bay, Wisconsin, using the rnicrotox
assay. Ecotoicology and Environmental Safe_ 23:343-354.

Jop, K.M., T.Z. Kendall, A.M. Askew, and R.B. Foster. 1991. Use of Fractionation
Procedures and Extensive Chemical Analvsisfor Toxicity.Identificationof a Chemical Plant
Effluent. Environmental Toxicology and Chem'stry 10:981-990.

Kemp P.F. and R.C. Swartz. 1988. Acute Toxicity of Interstitial and Particle-bond
Cadmit,m to a Marine Infaunal Amphipod. Mar. Enivron. Res. 26:135-153.

K.nezovich,J.P., F.L. Harrison and R. Wilhelm: 1987. The Bioavailability of Sediment-
sorbed Organic Chemicalg: a Review. WaterAir Soil PoUut.32:233-245.

Knezovich, J.P., F.L. Harrison. 1988. The Bioavailability of Sediment-sorbed
Chlorobenzens to Larva of the ,MidgeChironomus decorus. Ecotox. Environ. Safe_.
15:226-241.

Knezovich, J.P., D.J. Steichen, J. Jelinski. and S.L. Anderson. 1996. Sulfide Tolerance
of Four Marine Species Used to Evaluate Sediment and Pore water Toxicity. "Bull
Environm. Contam. Toxicol. (in press).

Landrum, P.F. 1989. Bioavailability and Toxicokinetics of Polycycli Aromatic
Hydrocarbons Sorbed to Sediments for the Amphipod Pontoporreia hoyi. Environ. Sci.
Technol. 23:588-595.

Long, E.D., And L.G. Morgan. 1990. The Potential for Biological Effects of Sediment-
sorbed Contaminants Tested in the National Status and Trends Program. NOAA Tech.
Memo NOS-OMA-52, National Oceanicand Atmospheric Administration(Seattle,WA).

Norberg-King, T.J., E.J. Durhan, G.T. Anldey, and E. Robert. 1991. Application of
Toxicirv Identification EvaluationProceduresto the Ambient Waters of the Colusa Basin
Drain, California- Environmental Toxicology and Chemistry 10:891-900.

PRC Environmental Management, Inc. 1994. Naval Air Station Alameda, California,
Ecological Assessment, Vols. I-IV. Draft Reports (February 1994).

Schubauer-Berigan, M.K., J.R. Amato, G.T. Ankley, S.E. Baker, L.P. Burkhard, J.R.
Dierkes,, J.J. Jenson, M.T. Lukasewycz, and T.J. Norberg-King. 1993. The Behavior
and Identificationof Toxic Metals in complexMixtures: Examples from Effuent and
Sediment Pore Water Toxicity,IdentificationEvaluations. ch. Environ. Contain. Toxicol.
24:298-306.

S.R. Hansen & Associates (1995) Departmentand Application of Estuarine Sediment
Toxicity,IdentificationEvaluations. Draft Report to the State of California Regional Water
Quality Control Board, San Francisco Bay Region.
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Wenholz, M.. and R. Crunkilton. 1995. Use of Toxicity Identification Evaluation
Procedures in the Assessment of Sediment Pore Water Toxicity from an Urban Stormwater
Retention Pond in Madison, Wisconsin. Bull. Environ. Coniam. Toxcol. 54:676-682.

Zhuang, Y., H.E. Allen, and G. Fu. 1994. Effect of aeration of sediment on cadmium
binding. Environ. Toxicol. Chem. 13:717-724.

4.0 Specialized Equipment

No special equipment is required for conducting this SOP.

5.0 Procedures

A. General Procedures

I. This task is closely coordinated with evaluation of acute and developmental toxicity
test. Toxicity identificationevaluations (TIEs) will be used to identify,used the
toxicant(s) that are responsible for the observed toxicity in Seaplane Lagoon and
West Beach Landf'tllWetlands sediments.

2. The TIE approach described here consists of a combination of sample manipulation
techniques, chemical separation, and quantitation, that are subsequently used to
identify the compound(s) or class of compounds that are responsible for the
observed toxic effects. This approach is in accordance with _maidelinesset fourth or
under development by the U.S. Environmental Protection Agency (Ankley et aL,
1991). An overview of this approach is presented and discussed in Section 5.3.3
of the Workplan.

3. Samples in which pore water is demonstrated to be toxic (See SOP 27-1) will be
subjected to a get of tiered treatments and analyses. These steps will focus on
resolving the relative contributions of metals and organic pore water fractions to
sediment toxicity.

4. Subsequent analyses will focus on the identification of individual causative agents.
The units used to report the results of this work are EC-, LC-50s, Toxic units (TU)
and microgram per liter (I.tgJL).

B. Assessment of Toxici_tyRelated to AtI_onia and Sulfides in PoreWater

I. Initial assessments of pore water will include the measurement of sulfides and
ammonia, which may be present at levels that are toxic to organisms used to
evaluate sediment toxicity. Because both of these compounds occur naturally in
marine and estuarine sediments, it is necessary to evaluate their possible
contribution to sediment toxicitybefore effects attributed to xenobiotic contaminants
are assessed.

2. Total sulfide concentrations will be determined in pore water using a modification
of the methylene-blue method (Knezovich et al., 1996).

3. Concentrations of hydrogen sulfide, which accounts for the toxicity of total sulfide,
will be calculated according to standard methods (APHA) 1985). Hydrogen sulfide
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will be identified as contributing to toxicity if its concentration exceeds the lowest
observable effect concentration (LOEC) that has been determined for the test species
(Knezovich et al., 1996). Hydrogen sulfide values in excess of the LC- or EC-50
values will also be reported as toxic its (TU). Hydrogen sulfide that is present at ,_F
toxic concentrations will be removed from pore water via gentle aeration for 2 hours
prior to subsequent toxicity testing.

4. Total ammonia concentrations will be determined in pore water using an ion-
specific electrode. Ammonia will be identified as contributing to toxicity, if its
concentration exceeds the LC- or EC-50 concentration that has been determined for
the test species (S.R.Hansen & Assoc., 1995). Ammonia values in excess of the
LC- or EC-50 values will also be reported as toxic units (TU). Ammonia that is
present at toxic concentrations will be removed from pore water via passage
through zeolite prior to toxicity testing.

C. Assessment of Toxicity Related to Meta!_ in Pore Water

1. A tiered approach _villbe used to evaluate the potential contribution of heavy metals
to sediment toxicity (See Section 5.3.3 of the Work Plan).

2. This approach is being used to gain immediate information on the likelihood of
metal-induced toxicity, but cannot be used exclusively because toxicity might not be
diminished due to the presence of other toxicants.

D. Removal of Bioavailable Metals via Chelation

1. Sequestering agents that complex heavy metals and render them unavailable to the
test organisms will be used to assess the contribution of these potential toxicants to
the observed toxic effects.

2. Ethelenediaminetetraacetic acid (EDTA) will be added to pore water to reduce the
bioavailability of copper, cadmium, mercury, zinc, lead and nickel. Sodium
thiosulfate (STS) wiU be added to pore water to reduce the bioavailabflity of
silver.

3. Pore waters amended with these chelators will be evaluated for toxicity.

4. A diminution of toxicity, will indicate that heavy metals are contributing to toxicity.
Such results will be followed by an analysis of individual metals in pore water to
ascertain the toxic elements(s) (see below), ff toxicity is not diminished, then other
toxicants are assumed to be responsible for some or all of the impact.

5. For pore water samples that result in complete toxicity (e.g. 100% abnormality,),
the results of chelation studies may be inconclusive. This can occur because
chelation of bioavailable metals will not diminish toxicity, if other toxicants are
present in concentrations that are _eater than or equal to two toxic units. In these
cases, the analyses of metals in pore water will be used to ascertain their
contribution to toxicity,.

E. Determination of Dissolved Metal Concentrations in Pore Water

1. In cases where metal toxicity is suspected removal of toxicity via chelation, and/or
100% toxicity), individual metal concentrations will be determined. Dissolved
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metals (i.e., passed through a 0.45 grn membrane filter) will be quantified by
atomic absorption spectrophotometry. Concentrations of individualmetals will be
compared to existing toxicity,data bases to calculate toxic units.

F. Assessment of Toxicity Relatedto OrganicCompounds

1. The assessment of toxicity,that can be attributed to organic compounds will be
addressed according to the approach presented in Figure 3, which has been adapted
from the work of Burkhard et al. (199i) and Ankley et al., (199la).

2. Organic toxicants present in pore water will be fractionated using solid-phase
extraction (SPE) techniques. If toxicity,is reduced by the solid phase treatment,
recovered compounds are thensubjected to fractionationby high-performance
liquid chromatography (HPLC).

3. The resulting HPLC fractionsare then subjectedto gas chromatog'raphy/mass
spectrometry.(GC/MS) analyses or high-performance liquid chromatgraphy/mass
spectrometry (HPLC/MS) for the determinationof polar and non-polar toxicants,
respectively. The purpose of the SPE fractionation is to crudely isolatethe
toxicants from the majority,of the other components. This is followed by HPLC
fractionation to more precisely isolate the toxicants from components that would
interfere with the GC/MS analyses.

4. Following GCRvISanalyses, a list of potential toxicants is developed. This list is
subsequently refined by'a process of elimination using both concentration estimates
and toxicological information,the ultimate goal being a list of identified toxicants.

G. Removal of OrganicToxicants

Non-polar compounds

I. Pore water will be initiallypassed through C-18 solid phase extraction columns at
ambient pH (e.g. 7 to 8) to remove neutral, non-polar compounds. This process
will remove compounds such as pesticides (e.g. DDT), polyaromatic compounds
(e.g.. fluoranthene), and polychlorinated biphenyls (PCBs). Pore water that has
passed through the C-18 treatmentwill be evaluated for toxicity. Removal of
toxicity,will indicate the presence of neutral, non-polar toxicants.

Acidic. non-polarcompound_

1. Pore water that is adjusted to pH 6 will be passed through C-18 solid phase
extraction columns. The pore water will subsequently be adjusted back to ambient
pH prior to toxicity,testing. An increase in the removal of toxicity as a result of this
treatment will indicate the presence of acidic, non-polar compounds (e.g. phenols).
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Basic Non-polar compounds

I. Pore water that is adjusted to pH 9 will be passed through C-18 solid phase
extraction columns. The pore water will subsequently be adjusted back to ambient
pH prior to toxicity, testing. An increase in the removal of toxicity, as a result of this
treatment will indicate the presence of basic, non-polar compounds (e.g., aromatic
amines).

Identification of polar organic compounds

1. Pore water samples that have been subjected to C- 18 treatment and metal chelation
but retain toxicity will be e ,,aluated for the presence of polar organic toxicants.
Because many of these compounds (e.g., suffactants) are not amenable to analysis
by gas chromatography, thev will be fractionated by HPLC and analvzed by
HPLC/MS, as necessary..

Toxicant Confirmation

1. Spiking of pore water and/or sediment elutriates with identified chemicals will be
performed to confzrrn the presence of suspected toxicants. For samples in which
toxicity is less than i00%, suspect toxicants will be added directly. A concomitant
increase in toxicity, will serve to confi.n'n the toxicants contribution.

2. Toxicity observed as a result of this approach will provide strong evidence for the
action of the toxicant in the field sample. These approaches are appropriate because
toxicants frequently behave in an independent fashion (e.g., their toxicity is not
additive; AnkJey et al., 1991a).

6.0 ANALYTICAL METHODS

All samples collected for this project will be analyzed by laboratories acceptable to the
Navy. Analytical methods use are listed in Table SAP-3 and are referenced in the EPA
publication SW-846, Test Methods for Evaluating Solid Waste. Appropriate test methods
will be used whenever EPA methods do not eNst.

7.0 HEALTH AND SAFETY

During the implementation of this SAP, safety and health considerations will be included.
A separate Health and Safety Plan (HSP) has been prepared for this project which contain
routine safety procedures, guidelines for field personnel, and emergency procedures.

8.0 RESIDUALS MANAGEMENT

Any waste or excess samples must be disposed according to applicable local, state and
federal environmental laws and regulations. The laboratory,performing the analyses is
responsible for the disposal of hazardous waste or residual materials.
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,_, 9.0 RECORDS

Field and Iaboratorv documentation will constitute the records required under this SAP.
Properly completed field notebooks, chain-of-custody forms and laboratory documentation
will be kept and made part of the SAP records.

V
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ACID VOLATILE SULFIDES AND SIMULTANEOUSLY
_, EXTRACTED METALS

STANDARD OPERATING PROCEDURE 27.4

1.0 PURPOSE

This Standard Operating Procedure (SOP) describes the Acid Volatile Sulfides and
Simultaneously Extracted Metals (AVS/SEM)) which is a good estimator of metal
bioavailability and toxicity in the sediment samples from Seaplane Lagoon and Wet Beach
L uadfgl Wetlands. This procedure is applicable to BERC and subcontractor personnel
involved in collection of environmental samples and performance of specific test required
under this study.

2.0 OBJECTIVES

The objective of this task are to establish the AVS/SEM ratioand to use this ratio to assess
the potential for metal-related toxicity in intact sediments.

3.0 REFERENCES

Allen. H.E>, G. Fu, and B. Deng. 1993. Analysis of Acid Volatile Sulfide (AVS) and
Simultaneously Extracted Metals for the Estimation of Potential Toxicity in Aquatic
Sediments. Environ. Toxicol. Chem. 12: 1441-1453.

Anldey, G.T., V.R. Mattson, E.N. Leonard, C.W. West, and J.L. Bennett. 1993.
Predicting the Acute Toxicity of Copper in Freshwater Sediments: Evaluation of the Role of
Acid-volatile Sulfide. Environ. Toxicol. Chem. 12: 315-320.

Ankley, G.T., Phipps, E.N. Leonard D.A. Benoit, V.R. Mattson, P.A. Kosian, A.M.
Cotter, J.R. Dierkes, D.J. Hansen, and J.D. Mahoney. 1991. Acid-volatile sulfide as a
factor mediating cadmium and nickel bioavailability in contaminated sediments. Environ.
Toxicol. Chem. 10: 2299-1307.

Ankley, G.T., V.R. Mattson, E.N. Leonard, C.W. West and J.L. Bennett. 1993.
Predicting the Acute Toxicity of Copper in Freshwater Sediments: Evaluation of The Role
of Acid-volatile Sulfide. Environ. Toxicol. Chem. 12:315-320.

DiToro, D.M., J.H. Mahoney, D.J. Hansen, K.J. Scott, A.R. Carlson, and G.T. Ankley
1992. Acid-volatile Sulfide Predicts The Acute Toxicity Of Cadmium and Nickel
Sediments. Environ. Sci. Technol. 26: 96-101.
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4.0 SPECIALIZED EQUIPMENT

No specialized equipment are required for this test.

5.0 PROCEDURES

A. General Procedures

1. The bioavailability of metals in bulk surficial sediments will be evaluated by the
measurement of acid volatile sulfides (AVS) and simultaneouslyextracted metals
(SEM). AVS has emerged as a good estimatorof metal bioavailability and toxicity
in marine and freshwater sediments because sulfide controls the concentrations of

.'_4

divalent metals (e.g. NI-, Pb-'., Cd2., Cu2., Hg:*,Zn"-.)in pore water through the
reaction sulfide to form insoluble raetal precipates. As a result of this process,
ANS also controls metal availabilityand toxicity (Allen et. al. 1993;DiToro et al.,
1992).

2. Sediments that have relatively high concentrations of metals and correspondingly
high or excess AVS do not exhibit metal-related toxicity (Ankley et al., 1991b;
DiToro et al., 1992). Sediments that are highly oxidized and have low AVS may
exhibit toxicity even though the concentrations of heavy metals are relatively low.

3. The relationship between sediment oxidation and AVS is critical for understanding
the potential for toxicity in sediments that are likely to become oxidized via remedial
activities such as dredging. This is important because sediment aeration is likely to
result in lower AVS and the subsequent liberation of toxic heavy metals (Zhuang et

al., 1994). ,_

4. Surficial sediments obtained from Seaplane Lagoon and the West Beach Landfill
Wetlands will be subjected to AVS and SEM analysesusing the methods of Allen et
al., (1993).

5. Single aliquots (approximately 10 to 20 g) of wet sediment obtained from the top 2
cm of sediment cores will be treated with a solution of hydrochloride acid.

6. Evolved sulfides will be trapped in solutions of sodium hydroxide, which removes
the hydrogen sulfide gas as sulfide ion. Total suflides will subsequently be
quantified using a modification of the methylene blue method (APHA, 1985).

7. Following the recovery of AVS from sediment samples, the resulting hydrochloride
acid solution will be analyzed for extracted metals. Copper, zinc, lead, nickel, and
cadmium will be measured by atomicabsorption spectrophotometer.

8. The ratio of SEM to AVS will thenbe used to assess the potential for metal-related
toxicity in intact sediments.

9. An SEM/AVS ratio less than one will indicate that metals are not bioavailable and
hence not toxic. An SEM/AVS ratio that is greater than one indicates that metals are
bioavailable and potentially toxic.

10. Samples that exhibit ratios _eater than one will be subjected to furtherevaluations
to determine the presence of metal-related toxicity (See SOP 27.3).
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6.0 ANALYTICAL METHODS

All samples collected for this project will be analyzed by laboratories acceptable to the
Navy. Analytical methods use are listed in Table 5-2 and are referenced in the EPA
publications SW 846, Test Methods for Evaluating Solid Waste. Appropriate test methods
will be used whenever EPA methods do not exist.

7.0 HEALTH AND SAFETY

During the implementation of this SAP, safety and health considerations will be included, a
separate Health and Safety Plan (HSP) has been prepared for this project which contain
routine safety guidelines for field personnel, and emergency procedures.

8.0 RESIDUALS MANAGEMENT

Any waste or excess samples must be disposed according to applicable local, state and
federal environmental laws and regulations. The laboratory performing the analyses is
responsible for the disposal of hazardous waste or residual materials.

9.0 RECORDS

Field and laboratory documentation will constitute the records required under this SAP.
_, Properly completed field notebooks, chain-of-custody forms and laboratory documentation

will be kept and made part of the SAP records.
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BIOAVAILABILITY/BIOACCUMULATION BY THE BIVALVE

STANDARD OPERATING PROCEDURES 28.1

1.0 PURPOSE

This Standard Operation Procedure (SOP) describes biavailability/bioaccumulation test of
organic chemicals by the bivalve, Macoma nasuta exposed to the sediment samples from
Seaplane I.agoon, Wet Beach Landf'fll Wetlands and other locations. This procedure is
applicable to BERC and subcontractor personnel involved in collection of environmental
samples and performance .ofspecific test required under this study.

2.0 OBJECTIVES

The general objective of biavailability evaluationis to quantify the uptela of organic
chemicals into organisms,total concentration of organic chemicals will also be measured to
assess the bioavailable fraction. Specific objectivesof the bioavailabilitytests include
determining whether chemicals in sediment at Seaplane Lagoon and West Beach Landfill
Wetlands are (1) bioavailable to deposit-feeding invertebrates, (2) at which sites they are
most bioavailable, (3) which chemicals exhibit the _eatest bioavailability;and (4) how
bioaccumulation of contaminants from these sediments compare with other locations within

_, San Francisco Bay.

3.0 REFERENCES

EPMCOE. 1994. Evaluation of Dredged Material Proposed for Discharge in Waters of the
U.S. - Testing Manual (Draft). Prepared by the U.S. Environmental Protection Agency
and the U.S. Army Corps of Engineers. EPA-823-B-94-002.

Lee, H., B.L. Boese, J. Pelletier, M. Winsor, D.T. Specht, R.C. Randall. 1989
Guidance Manual: Bedded Sediment Bioaccumulation Tests. Prepared by the U.S.
Environmental Protection Agency. EPA/600/x-89/30.

Lee et al. (13 other authors). 1994. Ecological Risk Assessment of the Marine Sediments
at the United Hechathorn Superfund site. U.S. Environmental Protection Agency, ERL-N-
269.

SFEI. 1995. San Francisco Estuary Regional Monitoring Program for Trace Substances:
1994 annual report. Prepared by San Francisco Estuary Institute.

Mayer, L., Z. Chen, R. Findlay, J. Fang, S. Sampson, L. Sell P. Jumars, C. Quetel,
and O. Donard. (submitted). Bioavailability of Sedimentary.Contaminants Subject to
Deposit-feeder Digestion. Environmental Science and Technology.
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PRC. 1994 Naval Air Station Alameda. Alameda. Alameda, California: Ecological
Assessment. Prepared by U.S. Navy By PRC Environmental Management, San
Francisco.

4.0 Specialized Equipment

No specialized equipment are required for this test.

5.0 Experimental Procedures

A. General Procedures

1. Bioaccumulationbv the bivalve Macoma nasuta is a standardizedand widely used
procedure to test tile bioabailabilityof sediment-bound contaminants. Dredged
material is typically testedby this procedure to determine acceptabledisposal
options (EPA/COE. 1994),and the EPA has promulgated standard procedures for
conducting these tests (Lee et al., 1989).

2. The sediment of interest is placed in beakers, and bivalves are added to the
sediment. After 28 days the animals are sacrificed, and tissue residue levels
quantified. Data are reported as toxicant concentrations in tissue as ppb.

3. These tests will be conductedusing Macoma nasuta collected from a relatively
uncontaminated area of Bodega Bay. Three tests in replicate will be conducted for
each sediment: the tests consist of four Seaplane Lagoon and three West Beach
Landfill Wetlands sediments,one reference sediment form mid-San Francisco Bay,
and one control sedimentfrom Macoma nasuta's oriNnal collection site. After the
completion of each test series, tissues will be analyzed for PAH, PCB, and DDT.

4. A 28-day exposure period is the standard protocol for the Macoma species test,
and is sufficient time for most compounds to reach a steady state tissue
concentration. It is possible, however, that steady state will not be attained for
DDT or some PCBs in this time period. Other studies (Lee et al., 1994) have
found that one-third to one-halfof DDT steady state is attained by Macoma nasuta
in 28 days

The data may be adjusted to account for this underestimating. The only other
foreseeable conditions that would limituse of the Macoma species bioaccumulation
test is if the sediments are too toxic for survival of the test organisms. Macoma
species, are relative insensitiveto manypollutants and we do not anticipate a
problem, but nevertheless, premature mortality,of the test organism would, in itself,
be significant information.

5. Chemical body burdens attainedby bivalves held in NAS Alameda sediments
will be evaluated by comparison to several other data sets. Animals from the
Bodega Bay site will represent relatively unimpacted conditions, and the increase at
NAS Alameda, relative to this control, will be quantified.
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6. NAS Alameda chemical body burdens will be compared to animals held in
sediments from the three mid-San Francisco Bay sites. Body burdens will also be
compared to data sets available from other projects.

7. While Macoma species are not consumed by humans, demersal fishes that prey on
Macoma species could be, and it is likely that fish tissue residue levels would be as
gear or geater than in their prey. Thus, while IDA action levels were not
developed for non-commercially exploited species, both EPA and the U.S. Army
Corps of Engineers advocate their use in the manner proposed here (EPA/COE,
1994).

Resident bivalves

1. In order to confu'm the Macoma species bioaccumulation data, resident bivalves
will be collected and analyzed, if available. Macoma species are resident in San
Francisco Bay,and may be present in the Seaplane Lagoon. PRC (1994) reports
presence of the bivhlves Gemma gemma, Macoma senhousia, and Theora fragilis.
Macoma senhousia is large enough to provide adequate tissue for analysis and will
be used if Macoma species are not found.

2. The resident bivalves will be collected by gab sampler, and processed in the same
manner as the Macoma species in the laboratory exposures. Field tissue residue
data will be compared to the laboratory bioaccumulation data, and to other San
Francisco Bay sites and FDA standards as described above.

6.0 ANALYTICAL METHODS

All samples collected for this project will be analyzed by laboratories acceptable to the
Navy. Analytical methods use are listed in Table 5-2 and are referenced in the EPA
publication SW-846, Test Methods for l_valcafing Solid Waste. Appropriate test methods
will be used whenever EPA methods do not exist.

7.0 HEALTH AND SAFETY

During the implementation of this SAP, safety and health considerations will be included.
A separate Health and Safety Plan (HSP) has been prepared for this project which contain
routine safety procedures, guidelines for field personnel, and emergency procedures.

8.0 RESIDUALS MANAGEMENT

Any waste or excess samples must be disposed according to applicable local, state and
federal environmental laws and reglalations. The laboratory performing the analyses is
responsible for the disposal of hazardous waste or residual materials.

BerkeleyEnvironmentalRestorationCenter IntrinsicSedimentProcessesStudy
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9.0 RECORDS

Field and laboratory documentation will constitute the records required under this SAP.
Properly completed field notebooks, chain-of-custody forms and laboratory,documentation
will be kept and made part of the SAP records.
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DIGESTIVE FLUID EXTRACTION

_' STANDARD OPERATING PROCEDURE 28.2

1.0 PURPOSE

This Standard Operating Procedure (SOP) describes a procedure for simulating
bioavailability/bioremediation of organics exposed to the sediment samples from Seaplane
Lagoon and Wet Beach Landfill Wetlands. This procedure is applicable to BERC and
subcontractor personnel involved in collection of environmental samples and performance
of specific test required under this study.

2.0 OBJECTIVES

The broad objective of bioavailability evaluation is to quantify the simulated extraction of
chemicals from contaminated sediments, rather than basing management decisions on
chemical concentrations that may be chemically measurable but biologically unavailable.
Specific objectives of the bioavailability tests include determining (1) whether chemicals in
sediment at Seaplane Lagoon and West Beach Landfill Wetlands are bioavailable to deposit-
feeding invertebrates, (2) at which sites chemicals are most bioavailable (3) and how
bioaccumulation of contaminants from these sediments compare with other locations within
San Francisco Bay. Bioavailability will be evaluated by extraction of contaminants by
digestive fluids from a marine worm.

3.0 REFERENCES

EPA/COE, 1994, Evaluation of dredged material proposed for discharge in waters of the
U.S.-Testing Manual (Draft). Prepared by the U.S. Environmental Protection Agency and
the U.S. Army Corps of Engineers. EPA-823-B-94-002.

Lee, H., B.L. Boese, J. Pelletier, M. Winsor, D.T. Specht, R.C. Randall. 1989.
Guidance Manual: Bedded Sediment Bioaccumulation Tests. Prepared by the U.S.
Environmental Protection Agency. EPAJ600/x-89/30.

Lee et al.. (13 other authors). 1994. Ecological risk assessment of the Marine Sediments
at the United Hechathom Superfund Site. U.S. Environmental Protection Agency, ERL-
N-269.

Mayer, L.Z. Chen, R. Findlay, J. Fang, S. Sampson, L. Self, P. Jumars, C. Quetel, and
O. Donard. (submitted). Bioavailability of sedimentary contaminants subject to deposit-
feeder digestion. Environmental Science and Technology.

PRC. 1994. Naval Air Station Alameda. Alameda, California: Ecological Assessment.
Prepared for the U.S. Navy by PRC Environmental Management, San Francisco.

_' Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
Standard Operating Procedures. Draft Final February 1997



San Francisco Estuary Institute. 1995. San Francisco Estuary Regional Monitoring
Programfor TraceSubstances: 1994annualreport.

v
4.0 SPECIALIZED EQUIPMENT

No specialized equipment are required for this tests.

5.0 EXPERIMENTAL PROCEDURES

1. Bioavailability and/or bioaccumulation will also be assessed by a novel method of
extraction using the digestive fluid from a marine worm, Arenicola brasiliensis.
Digestive solubilization will be reproduced in vitro using the digestive fluid
extracted from sacrificed worms.

2. Contaminants solubilized by this procedure will be quantified, and are taken as, or
the very least correlated with, the bioavailable contaminant fraction.

3. The sediment concentrations of PAHs, PCBs, and DDP will also be quantified
(ug/kg), as well as the fraction of the contaminant solubilized by digestive fluid
(ug/L). The solubilized contaminants will be regarded as potentially bioavailable,
representing the maximum concentration of organic chemicals that can be extracted
from sediment as that sediment passes through the gut of a deposit-feeding
organism.

Sediment Core Samples

1. Sediment cores will be collected from locations near ouffalls in the Seaplane
Lagoon. These cores will be used for bioavaJlability testing using sediment
segments from surface sediments and from depths of I meter and 2 meters. Tests
will also be conducted using surficial sediment samples collected from three
locations in the permanently flooded areas of the West Beach Landfill Wetlands.
Additionally, a total of three reference samples will also be obtained from three
central Bay sites, roughly off Alameda, Yerba Buena and Tiburon.

2. Ancillary data including TOC, water content and gain size will also be measured
from the sediment samples.

3. The deposit-feeding poluchaete Arenicola brasiliensis will be collected from
intertidal areas of the central California coast, and digestive fluid extracted.

4. The sediment samples will be incubated in the digestive field for 4 hours after
which the suspension will be centrifuged and the supematant recovered for organic
analyses by GC or GC/MS.

Extraction Test

1. The method is based on the assumptions that ingestion of contaminated food is an
important route of contaminant uptake and that solubilization of contaminants
during digestion is a necessary prerequisite for bioaccumulation. These
assumptions are likely to be most valid for hydrophobic and persistent contaminants
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with a high bioaccumulation potential, and it is compounds such as these on which
we will focus (i.e. PAH, PCB, DDT).

_' 2. The Digestive Fluid Extraction is a new method based on a publishedprocedure in
the literature (Mayer et al., in press). It was originally developed with funding by
the Office of Naval Research, and has subsequently been used to evaluate
sediments in southern California, San Francisco Bay, New Englandand Europe.

6.0 ANALYTICAL METHODS

All samples collected for this project will be analyzed by laboratories acceptable to the
Navy. Analytical methods use are listed in Table 5-2 and are referenced in the EPA
publications SW- 846, Test Methods for Evaluating Solid Waste. Appropriatetest methods
will be used whenever EPA methods d_ not exist.

7.0 HEALTH AND SAFETY

During the implementation of this SAP, safety and health considerations will be included.
A separate Health and Safety Plan (HSP) has been prepared for this project which contains
routine safety procedures, guidelines for field personnel, and emergency procedures.

8.0 RESIDUALS MANAGEMENT

Any waste or excess samples must be disposed according to applicable local, state and
federal environmental laws and regulations. The laboratory performing the analyses is
responsible for the disposal of hazardous waste or residual materials.

9.0 RECORDS

Field and laboratory documentation will constitute the records required under this SAP.
Properly completed field notebooks, chain-of-custody forms and laboratory documentation
will be kept and made part of the SAP records.
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'_' LEAD-210 PROFILE IN SEDIMENT

STANDARD OPERATING PROCEDURE 29.1

1.0 PURPOSE

This procedure describes the sampling and analyses used to provide a profile of lead-210 isotope
concentrations in Seaplane Lagoon sediments. This procedure also describes the analyses of the
cesium-137 isotope profile that a,so may be determined.

2.0 OBJECTIVES

The objective of this procedure is to profile the concentration of the lead-210 isotope as a function
of depth in Seaplane Lagoon sediment. Information on the use of the profile information is
presented in Section 5.5.1 of the Work Plan.

3.0 REFERENCES

Benoit, G., and H. F. Hemond. (1988) Improved Methods for the Measurement of 210Po,
210Pb, and 226Ra, Limnology and Oceanography 33(6, part 2), 1618-1622.

Fuller, C., and D. E. Hammond. (1983) The Fallout of Lead-210 on the Western Coast of the
United States, Geophysical Research Letters 10(12), 1164-i 167.

Krishnaswami, S., D. Lal, J. M. Martin, and M. Meybeck. (1971) Geochronology of Lake
Sediments, Earth and Planetary Science Letters 11,407-414.

Latimer, J. S., and J. G. Quinn. (1996) Historical Trends and Current Inputs of Hydrophobic
Organic Compounds in an Urban Estuary: the Sedimentary Record, Environmental Science
and Technology 30(2), 623-633.

Robbins, J. A. and D. N. Edgington. (1975) Determination of Recem Sedimentation Rates in
Lake .Michiganusing Lead-210 and Cs-137, Geochimica et Cosmochimica Acta 39, 285-
304.

Smith, J. D., and T. F. Hamilton. (1984) Improved Technique for Recovery and Measurement of
Polortium-210 from Environmental Materials, Analytica Chimica Acta 160, 69-77.

4.0 SPECIALIZED EQUIPMENT

Equipment required is described below in the Experimental Procedures and Analytical Methods
sections.
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5.0 EXPERIMENTAL PROCEDURES

5. i Samples for the analysis of lead-210 in the Seaplane Lagoon sedimentary,profile will be
collected from the sediment core at intervals of every 20 cm using i cm increments. The remaining
core will be reserved for subsequent analysis if needed.

5.2 An expected core 300 cm long will provide initially 15 samples for analysis. Since onlv a
few grams of sediment are required, duplicates within a given depth are easilv accomplished.
Samples for analysis will also includes blanks and NIST standards.

6.0 ANALYTICAL METHODS

6.1 Radioisotopes are very useful in tagging sediments; through the natural isotopic decay, the
age of the sediments can be"determined. The main focus will be on lead-210, while other
radioisotopes will be explored if other contaminants are present. The analyses will be conducted
by Dr. Brad Esser of the Isotope Sciences Division, LLNL, who has measured similar lead-210
profiles in san Francisco Bay.

6.2 Lead-210 will be determined by alpha-counting its Polonium-210 (210Po) granddaughter
and assuming secular equilibrium that is achieved after two weeks of storage. The analytical
technique we will use has been in extensive use by many laboratories (Smith and Hamilton, 1984;
Benoit and Hemond, 1988).

6.3 Approximately one gram of sediment sample will be leached sequentially in hot nitric and
then hot hydrochloric acid. A weighed aliquot of 209Po or 208Po spike solution will be added and
chemically equilibrated during the hydrochloric acid leach. After each leach procedure, the leachate
will be separated from residual solids by centrifuging, and evaporated slowly to dryness. The f'mal
leachate evaporation residue will be taken up in 0.5 N hydrochloric acid with ascorbic acid added
to complex Fe (which interferes with Po plating).

6.4 Polonium will be separated from solution by spontaneous plating onto a silver planchet at
60°C over a period of about four hours. Plated Po activities (210Po at 5.304 MeV, 208Po at
5.115 MeV, 209Po at 4.882 MeV') will be determined by alpha energy spectrometry using
partially-depleted silicon surface barrier detectors. Sample 210Po activity will determined from the
measured activity ratio of sample 210Po to spike 209Po or 208Po. All counting will be done at
LLNL. LLNL Po spikes are calibrated ag.ainst NIST-traceable 210Pb solutions. The use of a
calibrated spike allows quantitative determination of 210Po activity without having to precisely
characterize chemical yield, plating efficiency, plating thickness, and counting geometry.

6.5 Cesium-137 (137Cs) and Radium-226 (226Ra) activities will be determined by gamma
energy spectrometry using solid-state Ge detectors. Large volume (10-20 g) sediment samples will
be sealed in cans and aged for at least two weeks to allow Radon-222 (222Rn, 3.82 days) and its
short-lived daughter 214Pb (26.8 rain.) to grow into secular equilibrium with 226Ra. Cans will be
placed on planar detectors and counted for 1-5 days; the technique is nondestructive. 137Cs will
be determined from its 661.6 keV gamma decay, and 226Ra will be determined from the 353.0
keV gamma decay of 214Pb. The gamma energy spectral data for will be reduced using a LLNL
computer code which makes corrections for self-adsorption, detector efficiency, and spectral
interferences.
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6.6 This technique will provide estimates of sediment age (years before present) as a function
of sediment depth using a sediment core from the Seaplane Lagoon. Actual lead-210
measurements arepresented as activities (Bq/g of sediment).

7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

The lead-210 and cesium-137 concentration will be presented as a function of depth. As discussed
in section 5.6.i, several interpretations of the data may be necessary depending on site history. It
will be initially assumed that excess lead-210 in the sedimentary profile comes from the
atmospheric deposition of lead-210 decayed from radon-222 ,"ndreflecting the uranium content of
San Francisco Bay Area near-surface rocks and soils. Lead-210 has a half life of 22.3 years and
provides a good tool for looking at sedimentary processes over the last 10 to 200 years (one half to
ten half-lives).

As discussed in Section 5.5.1, if sediment samples at a depth demonstrate an elevated level of
lead-210, those samples will be subjected to gamma particle counting to confirm the presence of
radium-226. Since gamma counting will also measure the activity of cesium-137, the
concentrations of this isotope will also be determined. These data will complement other data
obtained in the study.

Another initial assumption that is utilized in interpreting sedimentary profiles is that the sediment is
not mixed, and this is likely at the Seaplane Lagoon _ven the contamination levels that ought to
have limited macrofauna bioturbation. The actual prof'desof redox sensitive chemical species such
as oxygen, iron(ID, and sulfide measured as part of geochemistry studies will indicate if this is
reasonable over short time scales of days at the Seaplane Lagoon. The lead-210 profile will
indicate if surface sediment mixing is happening on longer time frames. If substantial surface
sediment mixing is found, an added parameter of a mixed depth for the sediment profile as has
been used in previous investigations.

8.0 HEALTH AND SAFETY

The performing organization's health and safety policy and pro_am will be complied with in all
work conducted.

9.0 RESIDUALS MANAGEMENT

Under Federal Treatability Study Sample Exemption Rule, collection of hazardous wastes for
purposes of conducting treatability studies are conditionally exempt from generator and transporter
requirements (40 CFR.parts 262 and 263).

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained in
project record files in accordance with the CQCPP and SQP 4.2,
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,_, MEASUREMENT OF LAGOON SEDIMENT PROPERTIES
i

STANDARD OPERATING PROCEDURES 29.2

1.0 PURPOSE

This procedure descibes the sediment samplingand measurements thatwill be conducted
on sediment core segments from the Seaplane Lagoon. The measurementswill be
conducted according to ASTM standards.

2.0 OBJECTIVES

The objectives of this procedure are to obtain values of density.,organic content, void ratio
and compressibihty for sediment segments at depth to 3 meters in the Seaplane Lagoon.
These data will be used to evaluate the water flow within sediments.

3.0 REFERENCES

_, ASTM Standard D 854-92, Standard Test Method for Specific Gravity of Soils, ASTM
Standard D 2435-90, Standard Test Method for One-Dimensional Consolidation Properties
of Soils, ASTM Standard D-2974-87, Standard Test Methods for Moisture, Ash, PrgarLic
Matter of PEAT and Other Organic Soils.

4.0 SPECIALIZED EQUIPMENT

Equipment to be used is described in the ASTM standards. A consolidometer to be used is
located in the UCB Graduate Geotechnical Laboratory.

5.0 EXPERIMENTAL PROCEDURES

1. The sediment core will be extruded from the sampling liners, and segmented to provide
a sample for measurements. Consolidation measurements will be conducted on 2.85
inch diameter core sem'nentof approximately I inch thickness. The segments will be
taken from the center of the 4 inch sedimentcore segment to minimize may effects of
edge compaction due to sampling with the sleeve.

2. Because of the probable soft nature of some sediments compared to the soil samples
usually used in the consolidation measurements, the segmenting and testing will be
conducted under the direction of the Co-Principal Investigator, Dr. Nicholas Sitar.
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3. Measurementswill be conducted in the Graduate Geotechnical Laboratory of UCB's
Geotechnical EngineeringDepartment.

6.0 ANALYTICAL METHODS

Analvses will be performed according to ASTM standards; these methodsare included in
this SOP Attachment 29.2.1.

7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

Procedures for calculating the density., organic content, void ratio and compressibility, are
described in the respective ASTM methods (Attachment 29.20-1)

8.0 HEALTH AND" SAFETY

The performing organization's health and safety policy and program will be compiled
within all work conducted.

9.0 RESIDUALS MANAGEMENT

Under Federal Treatability Study Sample Exemption Rule, collection of hazardous wastes
for the purposes of conducting treatability,studies are conditionally exempt from generator
and transporter requirements (40 CTR parts 262 and 263).

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained
in project record files in accord with the QualityControl Program Plan.
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Attachment 29.2-1

_' ASTM Standard D 854-92, Standard Test Method for
Specific Gravity of Soils

ASTM Standard D 2435-90, Standard Test Method for
One-Dimensional Consolidation Properties of Soils

ASTM Standard D 2974-87, Standard Test Methods for
Moisture Ash, Organic Matter of Peat and other Organic Soils

V
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Standard Test Method for

Specific Gravity of Soils1

This standard is issuedunder the Exed desqr,nauon D 854; the number tmmediatelyfollowing the cles_tion indicatesthe _ of
onl_nal adoption or. m the caseof revtson, the yearof la._trevl_on. A numberm I_u_nthe_ incbcate,tthe yearof last nmpprovaLA
_pcr_npt el:€don(,) tndicalesan editorial change_,ncethe last revtstonor n:approval.

t_NoTE_Edttona_chanlesweremade throughoutm SeptemberI993

!. Scope E 4753 Specification for Evaluating, Selecting, and Speci-
l.l This test method covers the determination of the lying Balances and Scales for Use in Soil and Rock

specific gravity of soils that pass the 4.75-mm (No. 4) sieve, Testings
by means of a pycnometer. When the soil contains panicles E I Specification for ASTM Thermometers'
larger than the 4.75-mm sieve, Test Method C 127 shall be E I l Specification for Wire-Cloth Sieves for Testing
used for the material retained on the 4.75-mm sieve and this Purp°sess
test method shall be used for the material passing the E 12 Terminology Relating to Density and Specific
4 75-ram sieve. Gravity of Solids, Liquids, and Gases6

I.I. I Two procedures for performing the specific gravity 2._. AASHTO Standards:
are provided as follows: AASHTO Test Method TI00

l.l.l.l Method A--Procedure for Oven-Dr3.' Specimens,
described in 9.1. 3. Terminology

1.1.1.2 Method B--Procedure for Moist Specimens, de- 3.1 All definitions are in accordance with Terminolog3
scribed in 9.2. The procedure to be used shall be specified by D 653 and E 12.
the requesting authority. For specimens of organic soils and 3.2 Description of Term Specific to This Standard:
highly plastic, fine-grained soils, Procedure B shall be the 3.2.1 specific gravity.--the ratio of the mass of a unit
preferred method, volume of a material at a stated temperature to the mass of

1.2 When the specific gravity value is to be used in the same volume of gas-free distilled water at a stated
calculations in connection with the hydrometer portion of temperature.
Test Method D 422, it is intended that the specific gravity
test be made on that portion of the sample which passes the 4. Significance JmdUse

2.00-ram (No. 10) sieve. 4.1 The specific gravity of a soil is used in calculating
1.3 The values stated in acceptable metric units are to be phase relationships of soils (that is, the relative volume_

regarded as standard, solids to water and air in a given volume of soil). *
1.4 This standard does not purport to address all of the 4.2 The term solid particles is typically assumed to mean

safety problems, if any, associated with its use It is the naturally occurring mineral particles that are not readily
responsibility of the user of this standard to establish appro- soluble in water. Therefore, the specific gravity of materials
priate safety and health practices and determine the applica- containing extraneous matter (such as cement, lime, and the
bility of regulatory limitattons prior to use like), water-soluble matter (such as sodium chloride), and
2. Referenced Documents soils con_ning matter with a specL_cgravityless than one,

typically require special treatment or a qualified definition of
2. I ASTM Standards: their specific gravity.
C 127 Test Method for Specific Gravity and Absorption of

Coarse Aggregate2 5. Apparatus
C 670 Practice for Preparing Precision and Bias State-

ments for Test Methods for Construction Materials: 5.1 Pycnometer--The plcnom_er shall be one of the
D 422TestMethodforPanicle-SizeAnalysisofSoils3 following:
D 653 Terminology Relating to Soil, Rock, and Contained 5.1.1 Volumetric Flask, having a capacity of at least 100

Fluids3 mL
5. !.2 Stoppered Bottle, having a capacityof at least 50

D 2487 Classification of Soils for Engineering Purposes mL. The stopper shall be of the same material, and shall
(UnifiedSoilClassificationSystem)3 permittheemissionofairandsurpluswaterwhenitisputin

place.
This test melhod is undertl_ jumdlctlon of ASTM Committee D-It1 on Soil
Rock lind is the diR'€l rl_ponlubilltyof Subcommlttet DI11.03 on TextuR. "

i' l_ssuciIyandDcnlaty Ciuu._tensu_ of Soils. * Aluma/Book qfA_'J'JI4SMItM[_ Val 14.03.
_1 Cun_nt edition al_rovedNov. IS, 1992. PublishedJanuary1993.Orilpmdly s Atmual Book oj'A,$"rM Stasut_dl, Vol 14.02.

il puldt_hedasD $S4 -45.Lainprevious_httonO IS4- 91. *A._m_/BookofaST"J_'Sla_._ V¢ |S.OS.
. :1An'_ualBook oj'A_TM Standard._.Vol 04.02. _Avlulable from Anl_ric_n _ Of Stlt_ l'lillh'_ly _ T_on
.1 _ Ann:,ai Book oI"ASTM Standards. Vol 04.011. Officiab, 444 N Capiud St., lq'W, Wlmhington, DC 20001.

,s.
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Standard Test Method for
One-Dimensional Consolidation Properties of Soils1

.43.. the number immediately f'ol|owmi the dcs_inauonindicatesthe yearofThis standardis issuedunderthe fixed de$:gnattonD '_
onl_nalaOoDttonor. m the_ of"rtvtston,the v¢lr of last rev_s,on.A number ;n parenthesesindicatesthe yearof lastrupptovlL A
sut_r_cnpt e!_don (_) md:catt_ an ed_tonalchani¢ since,he |_t revtsionor n_pproval.

I.Scope inunitsotherthanSIshallnotbe regardedasnonconfor-
I.IThistestmethodcoversproceduresfordetermining mancewiththistestmethod.

themagnitudeand rateofconsolidationofsoilwhen itis 1.4.I Intheengineeringprofessionitiscustomaryprac-
restrainedlaterally'and drainedaxiallywhilesubiectedto ticeto use,interchange.ably,unitsrepresentingbothmass
incrementallyappliedcontrolled-stressloading.Two alterna- and force,unlessdynamic calculations(F - Ma) are
riveproceduresareprovidedasfollows: involved.Thisimplicitlycombinestwo separatesystemsof

1.1.1 Test Method A--This test method is performed with units, that is, the absolute system and the gravimetnc system.
constant load increment duration of 24 h, or multiples It is scientifically undesirable to combine two separate
thereof. Time-deformation readings are required on a rain- systems within a single standard. This test method bas been
imum of two load increments, written using SI units; however, inch-pound conversions are

1.1.2 Test Method B--Time-deformation readings are given in the gravimetric system, where the pound (lbt)
required on all load increments. Successive load increments represents a unit of force (weight). The use of balances or
are applied after 100 % primary consolidation is reached, or scales recording pounds of mass (Ibm), or the recording of
at constant time increments as described in Test Method A. density in lb/ft 3 should not be regarded as nonconformance

with this test method.

NOTE l_The determinatton of the rate and magnitude ofconsotida- 1.5 This standard does not purport to address the safety
tion of soil when It is subjected to controlled-strain loading is covered by problems associated with its use. It is the responsibility ofthe
TeslMethodD4186. user of this standard to establish appropriate safety and

heahh practices and determine the applicability of regulatory
i.2 This test method is most commonly performed on limttattons prior to use.

undisturbed samples of fine grained soils naturally
sedimented in water, however, the basic test procedure is 2. ReferencedDocuments
applicable, as well, to specimens of compacted soils and 2.1 ASTM Standards: "
undisturbed samples of soils formed, by other processes such D 422 Method.for Particle-Size Analysis of Soils:
as weathering or chemical alteration. Evaluation techniques D 653 Terminology Relating to Soil and Rock:
specified in this test method are generally applicable to soils D 854 Test Method for Specific Gravity of Soils-"
naturally sedimented in water. Tests performed on other D 1587 Practice For Thin-WalledTube Sampling of Soils:
soils such as compacted and residual (weathered or chemi- D2216 Method for Laboratory Determination of Water
cally altered) soils may require special evaluation.techniques. (Moisture) Content of Soil, Rock, and Soil-Aggregate

1.3 It shall be the responsibility of the agency requesting Mixtures2

this test to specify the magnitude and sequence of each load D 2487 Classification of Soils for Engineering Purposes5
increment, including the location of a rebound cycle, if D2488 Practice for Description and Identification of Soib
required, and, for Test Method A, the load increments for (Visual-Manual Procedure) 3
which time-deformation readings are desired. D 3550 Practice for Ring-Lined Barrel Sampling of Soil_

D 4186 Test Method for One-Dimensional ConsolidationNOTE2--Time-deformationreadingsarerequiredto determinethe
limeforcompleuonofprimaryconsolidationandforevaluatingthe PropertiesofSoilsUsingControlled-StrainLoading:
coefficientofconsolidation,c,.Sincec,vaneswithstresslevelandfold D 4220 PracticeforPreservingand Tmnspo_ng Soil
increment(loadingor unloading),lee load incrementswile timed Samples2

readingsmust be selectedwile specificreferenceto the individual D4318 Test Method for Liquid Limit, Plastic Limit, and
Ix'oject.Alternatively,therequestingqency may specifyTestMethod B PlasticityIndexofSoils:
whereintheUme-<leformationn_dingsaretakenonallloadincrements. D 4452MethodsforX-RayRadiographyofSoilSamplff

1.4The valuesstatedinStunitsaretoberegardedasthe D 4546 Tesl Methods forOne-DimensionalSwell0f
sumdard.The valuesstatedininch-poundunitsareapprox- SettlementPotentialofCohesiveSoils3
imateandgivenforguidanceonly.Reportingoftestresults 3.Termlmdoly

3.I Dt,_nitions_Thedefinitionsoftermsusedinthis

'ThistestmethodisunderthejurisdictionofASTM CommitteeD-18on Soil methodshallbeinaccordancewithTer_nologyD 653.
Rock and is the direr reR_nstlality o_'sttbeommlttee DI8.05 on Stru_urxl

IW_pemesof .Soil. ""
:: Current edition awoved June 29. 1990. Published November 1990. Otillnllly 1 A_IMa/8ook oJ'A._'M ._Itl_f_. VIII 04.011. "". i
,,; plbh:ned Itl D 2435 - 65T. l.am perviousedition D 2435 - i0 i Annual Book ofASTM 3"/andar_. Vj 04.01. .;,_.,

filll
II
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_ Designation: D 2974 - 87 (Reapproved 1995)

Standard Test Methods for
Moisture, Ash, and Organic Matter of Peat and Other Organic
Soils

This s_ndard is issuedunderthe luteddesignationD 2974; the=umber immediately[oUo_qnltthe de_gnalioe indicatesthe yearo£
ortlgnal adopuonor. m thecaseof revision, the year o€la._.revasio-.A numberin l_m.'nth,',u-,i=dicat==the yea/ofkut nUtlPpro_. A
sul:_rscnptepsdon(,) tndicat_ an editorial changesmee the I_1 rcvlsion or rexpprovll.

1. Scope 3.3 Evaporating Dishes, of high silica or porcelain of not
1.1 These test methods cover the measurement c ,"reels- less than 100-mL capacity.

ture content, ash content, and organic matter in peats and 3.4 Blender, high-speed.
other organic soils, such as organic clays, silts, and mucks. 3.5 Aluminum Foil, heavy-duty.

1.2 The values stated in SI units are to be regarded as the 3.6 Porcelain Pan. Spoons, and equipment ofthe like. :
standard. 3.7 Desiccator.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the 4. Preparation of Sample
responsibility of the user of this standard to estab:tsh appro- 4.1 Placea representative field sample on a square rubber
priate safety and health practices and determine the applica- sheet, oil cloth, or equivalent material. Reduce the sample to
bility of regulatory limttattons prtor to use the quantity ngtuired by quartering and place in a moisture.

proof container. Work rapidly to prevent mohture loss or
2. SumrnarT of Test Methods perform the operation in a room with a high humidity..-

2.1 Test Method A--Moisture is determined by d.tying a
peat or organic soil sample at 105"C.The moisture content is MOISTURgCoN'rEl¢l"
expressed either as a percent of the oven dry mass or of the -.;
as-received mass. S. Test Method A i_

2.2 Test Method B--This is an alternative moisture 5.1 gecord to the ncmxm 0.01 g the mass of a high silica -
method which removes the total moisture in two steps: (1) or porcelain evaporating dish fitted with a heavy-duty alu-"
evaporation of moisture in air at room temperature (air- minum foil cover. The dish shall have a capacity of not less
drying), and (2) the subsequent oven drying of the air-dried than 100 mL
sample at I05"C. This method pro.vides a more stable 5.2 Mix thoroughly therepresentadves_aple_mdplacea
sample, the air-dried sample, when tests for nitrogen, pH, test specimen of at least 50 g in the container described in
cation exchange, and the like are to be made. 5.1. Crush soft lumps with • simon or spatula. The thickness

2.3 Test Methods C and D--Ash content of a peat or of peat in the container should not exceed 3 era.
organic soil sample is determined by igniting the oven-dried 5.3 Cover immediately with the aluminum foil cover and
sample from the moisture content determination in a muffle record the mass to the nearest 0.01 g.
furnace at 440"C (Method C) or 750"C (Method D). The 5.4 Dry uncovered for at least 16h at 105"Cor until them
substance remaining after ignition is the ash. The ash content is no change in mass of the sample al_r further drying
is expressed as a percentage of the mass of the oven-dried periods in excess of I h. Remove from the oven, cover
sample, tightly, cool in a desiccator, and record the mass.

2.4 Organic matter is determined by subtracting percent

ash contentfrom onehundred. 6. TestMethod A Calculation ""

3. Apparatus 6.1 Calculate the moisture content as follows: -!.,
3.1 Oven, capable of being regulated to a constant temper- Moisture Contcllt, % - [(,4 - Jl_X 100]/A -

• ture of 105 ± 5"C. where: -.

NOTE_The temperatureof 105"C is quite critical for Orllanicsofts. A m mass of the as-received test specimen, ib and
The oven should be checked for "hot spots" to avoid possible ignition of B - mass of the oven-dried specimen, & -,
thespecimen. 6.1.1 This calculationis tu_d grimar_yfor uriculture, "

forestry, energy, and horfimdturai _ and the result
3.2 Muffle Furnace, capable of producing constant tern- shouldbe referredto as the moistu_ content as • percentage

peraturesof 440"Cand 750"C. of as-received ortotal_ " :;
6.2 An alternativecalculation is as follow_

_ _t _ areu=derthejumdictio=of_ Commme=D-ISo,, Moistu_ Contl=llt, _ - [(A - B) x 100]/B • •
and Rockand aR thectin_ r_spounb_ of SubcommineeD I 8.15 on Peats where: , ._-i.

Md KetatedMa_naht. ._Cun_-m edit/o,, aplxoved May 29. 1917. Publithed July 1917. Or_naLly A a •S-l'l_C¢iVed _ s_ec_en, _rm_ld

publi.the_u D 2974 - 71. IJLStI_"vtous editio= D 2974 - 114. ,B -- massof the oven-driedspecimen,g. :i_

2R.0 -_:
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FINGERPRINTING PAHS, PCBS, HYDROCARBONS, AND
HYDROCARBON TRACERS
i i

STANDARD OPERATING PROCEDURE 30.1

1.0 PURPOSE

These procedures will measaure the concentrations of individual PAH constituents, PCB
congeners, total petroleum hydrocarbon (TPH) fractions as well as sFecific hydrocarbon tracers in
sedime'_t core segments.

2.0 OBJECTIVES

The objective of this procedure will be to measure the concentrations of the specified analytes as a
function of depth in lagoon sediments. As discussed in Section 5.6.1 of the Work Plan, these data
will be used the estimate the transformation rates of PCBs and PAHs in the sediment; the
hydrocarbon data will be used to estimate the rote of change of hydrocarbons in the sediment.

3.0 REFERENCES

_, Abramowicz, D. A. (1990) Aerobic and anaerobic biodegradation of PCBs: a review, Critical
Reviews in Biotechnology 10(3), 241-25 I.

Abramowicz, D. A., M. J. Brennan, H. M. Van Dort' and E. L. GaUagher (1993). Factors
Influencing the Rate of Polychlorinated Biphenyl Dechlorination in Hudson River
Sediments, Environmental Science and Technology 27(6), 1125-I 131.

Alder, A. C., M. M. Higgblom, S. R. Oppenheimer, and L. Y. Young (1993). Reductive
Dechlormation of Polychlorinated Biphenyls in Anaerobic Sediments, Environmental
Science and Technology 27(3), 530-538.

Bedard, D. L., and R. J. May (1996) Characterization of the Polychlorinated Biphenyls in the
Sediments of Woods Pond: Evidence for microbial dechlorination of aroclor 1260 in situ,
Environmental Science and Technology 30(I), 237-245.

Brown, I. F., Jr., D. L. Bedard, M..L Brerman, J. C. Camahan, H. Feng, and R, E. Wagner
(1987) Polychlorinated Biphenyl Dechlorination In Aquatic Sediments, Science 236(8
May), 709-712.

Brown, 1. F., Jr., and R. E. Wagner (1990) PCB Movement, Dechlorinafion, and Detoxification
in the Acushnet Estuary, Environmental Toxicology and Chemistry 9, 1215-1233.

Bruce, L. G., and G. W. Schmidt (1994) Hydrocarbon fingerprinting for Application in Forensic
Geology: Review with case studies, AAPG Bulletin 78(I I), 1692-1710.

Coates, J. D., R. T. Anderson, and D. R. Lovley (1996), Oxidation of Polycyclic Aromatic
Hydrocarbons under Sulfate Reducing Conditions, Applied and Environmental
Microbiology 62(3), I099- I01.

Erickson, D. C., R. C. Loehr, and E. F. Neuhauser (1993). PAH loss during Bioremediation of
Manufactured Gas Plant Site Soils, Water Research 27(5), 911-919.

Gundlach, E. R., P. D. Boehm, M. Marchand, R. M. Atlas, D. M. Ward, and D. A. Wolfe
(1983) The Fate of Amoco Cadiz oil, Science 22 I(8 July), 122-129.
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Lake, J. L.. R. J. Pruell. and F. A. Osterman (1992). An Examination Of Dech.lorination
Processes and Pathways in New Bedford Harbor Sediments, Marine Environmental
Research 33, 31-47.

Latimer, J. S., and J. G. Quinn (1996). Historical Trends and Current Inputs of Hydrophobic
Organic Compounds in an Urban Estuary: the Sedimentary.Record, Environmental Science
and Technology 30(2), 623-633.

McGroddy, S. E.. J. W. Farrington. and P. M. Gschwend (1996) Comparison of the in-situ and
desorption sediment-water partitioning of polycyclic aromatic hydrocarbons and
polych.lorinatedbiphenyls, Environmental Science and Technology 30(1), 172-177.

Fjord, G. D., J. A. Puhakka, and J. F. Ferguson (1994). Reductive Dechlormation of Aroclor
1254by Marine Sediment Cultures, Environmental Science and Technolog2€28(13), 2286-
2294.

Prince, R. C., D. L. Elmendorf, J. R. Lute, C. S. Hsu, C. E. Haith, J. D. Senius, G. J. Dechert,
G. S. Douglas, and E. L. Butler (1994) 17 (H),21 (I-I)-hopaneas a Conserved Internal
Marker for Estimating the Biode_adation of Crude Oil, Environmental Science and
Technology 28(1), 142-145.

Sokol, R. C., O-S. Kwon, C,M. Bethoney, and G-Y. Rhee (1994)Reductive Dechlorination of
Polvchlorinated Biphenyls in St. Lawrence River Sediments and Variations in
Dechlorination Characteristics, Environmental Science and Technolog3t 28(12), 2054-
2064.

Wang, Z., M. Fingas, and G. Sergy (1995) Chemical Characterization of Crude Oil Residues from
an Arctic beach by GC/MS and GC,tk-ID,Environmental Science and Technology 29(10),
2622-22631.

4.0 SPECIALIZED EQUIPMENT

No specialized equipment will be required for this procedure, although expertise in the use of gas
chromatography will be required to optimize instrument performance for identiIing specific PCB
congeners.

5.0 EXPERIMENTAL PROCEDURES

5.1 As for the lead-210 analyses (SOP 29.1)_ the analysis of organics in the Lagoon
sedimentary profile will be done initiallyusing i cm increments samples from an interval of every
20 cm with the remaining part of the reserved for subsequent analysis. These data will determine if
finer resolution is needed. An expected core 300 cm long will provide initially 15 samples for
analysis. Because only 20 _ams of sediment are required for each analysis, duplicates within a
given depth can be accomplished.

6.0 ANALYTICAL METHODS

Analysis will be performed using methods described in SW 846. PAH constituents will be
analvzed bv EPA Method 8I00, and PCBs will be analyzed by EPA Method 8080A (Table SAP-
3). "Modifications in temperature pro=_amrningor longer chromatographic columns may be
necessary for improved analyses of PAlls or PCB congeners.

V
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7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

The data reported for the Seaplane Lagoon sediments by PRC indicates that there should be
sufficient contaminants present for detection and quantification of PCB congeners to quantify
transformations over time periods of 20 to 50 years. Examples of how the data mav be analyze_i
and interpreted are discussed in Section 5.6.1 of the Work Plan.

8.0 HEALTH AND SAFETY

The performing organization's health and safety policy and program will be complied with in all
work conducted.

9.0 RESIDUALS MAI_IAGEMENT

Under Federal Treatability Study Sample Exemption Rule, collection of hazardous wastes for
purposes of conducting treatability, studies are conditionally exempt from generator and transporter
requirements (40 CFR parts 262 and 263).

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained in
project record files in accordance with the CQCPP and SQP 4.2.
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INTRINSIC PRODUCTION OF METHANE IN ANAEROBIC
LAGOON SEDIMENTS

STANDARD OPERATING PROCEDURE 30.2

1.0 PURPOSE

The purpose of this procedure is to measure the rates and amounts of methane generated in
Seaplane Lagoon sedimems. The measurements will be conducted on sediment core seg-ments
from the Seaplane Lagoon and the data from this procedure are then site specific and are not to be
used for other sites where the depositional history and constituents are expected to be different.

2.0 OBJECTIVES

The objectives of the SOP are to provide informationon the intrinsicrates and amounts of methane
that may be expected to be generated from undisturbed Seaplane Lagoon sediments. This
information will be used to assess remedial options, including the methane that would be generated
should a sediment cap be installed. This information will also be useful to assess the activity of the
microbial community that is able to dechlorinate PCBs.

3.0 REFERENCES

Simbert, R.M., and N.R. Krieg. 1994 Phenotypic characterization. In: Methods for General and
_, Molecular Bacteriology. Gerhardt, P., R.G.E. Murray, W. A. Wood, N. R. Kreig (eds), pp 631-

632. American Society for Microbiology. Washington D.C.

4.0 SPECIALIZED EQUIPMENT

Anaerobic incubation chambers and glove boxes for maintaining anoxic conditions will be used.

5.0 EXPERIMENTAL PROCEDURES

A 1 m lagoon sediment core will be segmented into 10 cm portions under anoxic conditions and
placed in anaerobic incubation chambers equipped with rubber sampling ports.

On a weekly basis, gas samples will be removed and analyzed by gas chromatography.

The weekly analysis schedule will be maintained for at least 8 weeks, and until the amount of
methane produced in one week is less than I% of the total methane produced.
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6.0 ANALYTICAL METHODS

Methane production will be analyzed by gas chromatogaphy according to procedures of Simbert
and Krieg (1994).

7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

Data ft,r the amount of methane produced per unit time from different depth segments will be
presented in tabular form and in graphicalplots.

8.0 HEALTH AND SAFETY

The performing organization's health and safety policy and program will be complied with in all
work conducted.

9.0 RESIDUALS MANAGEMENT

Under Federal Treatability Study Sample Exemption Rule, collection of hazardous wastes for
purposes of conducting treatability studies are conditionally exempt from generator and transporter
requirements (40 CFR parts 262 and 263).

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained in
project record files in accord with the CQCPP and SQP 4.2.

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
Standard Operating Procedures, Draft Final February 1997



_' INTRINSIC TRANSFOR1MATION OF PAHs AND PCBs
IN ANAEROBIC SEDIMENTS

STANDARD OPERATING PROCEDURE 30.3

1.0 PURPOSE

The following procedure is provided as an empirical ap0roach to assess the intrinsic rates of
remediation of PAHs ,and PCBs in undisturbed, anaerobic sediments from the Seaplane Lagoon
and in the Landfill Wetlands. The procedure is designed co simulate intrinsic sediment conditions.
The data from conduct of this l_rocedure is specific to the site and strata from which the sediments
were collected.

2.0 OBJECTIVES

The objectives of the procedure are to:

• Provide dam to estimate the rate of transformation of PAHs and PCBs in anaerobic,
undisturbed sediments

* Measure conditions in the anaerobic sediments that can be used to assess the potential for
comparable transformation rates in other site locations

3.0 REFERENCES

See SOP 29.1 for referencesw describing PAIl and PCB transformation processes.

4.0 SPECIALIZED EQUIPMENT

Equipment required for the proposed procedures consists of 2 L flasks equipped with a system for
purging the flask headspace with a synthetic gas mixture to maintain anoxic conditions.

5.0 EXPERIMENTAL PROCEDURES

I. Sediment core segments of approximately 15 cm lengda (4 inch diameter core,
approximately 2.4 kg) from the 0.5 to 1.0 meter depth will be extruded from the coring sleeve in a
glove box under anoxic conditions and transferred to 2 L flasks. The core materials will be
thoroughly mixed so as to achieve a maximally homogeneous sample for sampling. Four reactors
will be prepared for each of the two sites, each topped with 1 L of deaerated site water above the
sediment surface after settling. The reactors will be maintained under anoxic conditions and the
headspace continually purged with a synthetic gas mixture of nitrogen/carbon dioxide and in
proportions of 85: 10:5.
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2. After mixing for 48 hours to stabilize the sediment/water system and maximize the
homogeneity,of chemical distribution,three 25 _ sediment samples will be collected from each
stirred reactor and analyzed for PAHs, PCBs, total metals, organic carbon content, sulfate,
phosphate, nitrate, ammoniaand total sulfides: the redox potential and conductivity of the slurried
mixture will also be measured.

3. The analyticaldata will be reviewed for agreementamong reactors, and the variance in the
concentration datacalculated for the PAH and PCB components. These analyses will provide a
baseline of chemicalconcentrations and conditions for evaluating the initial characteristicsof what
is expected to be an anaerobic,methanogeniccondition in sediment. The dataon the concentration
will also be used to determine what !osses of constituents may be practicallymeasuredbased on the
initial concentrationspresent and the variancein the data.

4. If initial PAH and PCB concentrations are of a similar ma_xitude as the concentration
variances such that a 50% concenu'ation loss in PAH or PCB cannot be measured, a possible
modfication in the procedure, such as addition of PCBs or PAHs to increaseconcentrations, will
be discussed with the Principal Investigator, QualityControl ProgT_ Manager,and Navy.

5. The unstirredreactors will be maintained in a 15°Ctemperature bath for six months to simulate
quiescent sediment conditions.

6. The redox potential and pH of water above the sediment water will be monitored weekly to
assess the stability of the system.

7. After three months, two reactors will again be thoroughly stirred to obtain a maximally
homogeneous mixture of chemicals, and three25 gm samples will be collected for analyses of the
same analytesas above.

8. After an additional3 months (or a total of six months), the remainingtwo reactors will be
thoroughly stirredand samples collected for analyses.

9. Stirring of the sediment mixture is conducted to provide a optimally homogeneous media
for sampling with the intent of minimizing the concentration variance due to sampling
heterogeneity. It is assumed that the organic loading and other constituents of the sediment will
restore the sediments to steady state conditions.

10. Data from the chemical characterizationtasks will be reviewed to assess the robustness of
the system toward any changes due to microbial activity in the sediments.

6.0 ANALYTICAL METHODS

Three samples will be collected from each reactor at the designated times for analyses. It is
expected that three samples will provide a practical measure of the variance and average of PAH
and PCB concentrations for assessing losses due to transformation reactions. The analytical
procedures for the organic and inorganic constituents are listed in Table SAP-3. The reporting
limits goals are also Listed in the table, but may not be achievable due to expected matrLx
interferences.
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7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

8.0 HEALTH AND SAFETY

The performing organization's health and safety, policy and program will be complied with in all
work conducted.

9.0 RESIDUALS MANAGEMENT

Under Federal Treatability Study Sample Exemption Rule, collection of hazardous wastes for
purposes of conducting treatability studies are conditionally exempt from generator and transporter
requirements (40 CFR parts 262 and 263).

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained in
project record files in accord with theCQCPP and SQP 4.2.
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CONSTRAINTS ON TRANSFORMATION
_' OF PAHs AND PCBs IN SEDI_IENTS

i i

STANDARD OPERATING PROCEDURES 30.4

1.0 PURPOSE

The following procedure is designed as an empirical approach to ev_uate the intrinsic remediation
of PAHs and PCBs in sediments where oxygen, nitrate, sulfate, and carbon
dioxidelmethanogenisis are the dominant electron acceptors facilitating oxidative transformation of
the title chemicals in the Seaplane Lagoon sedimems. The proposed procedure simulates
conditions expected in discrete upper layers of sediment where the specific electron acceptors
control the sediment chemistry. The data from these procedures is likely a function of variables
that are not specifically measured, and therefore is specific to the site and strata from which the
sediments were collected.

2.0 OBJECTIVES

The objectives of the procedure are to:

• Provide data to estimate the rates of transformation of PAHs and PCBs in sediments
where oxygen, nitrate, sulfate and carbondioxide, respectively are the electron acceptors

• Measure conditions in sediments that can be used to assess the potential for comparable
transformation rates in the environment

3.0 REFERENCES

4.0 SPECIALIZED EQUIPMENT

Equipmentrequiredfor theproposedproceduresconsistsof4L Erlenmeyerflasks equippedwith a
systemfor additionof reagents.

5.0 EXPERIMENTAL PROCEDURES

1. Sediment core segments of approximately 15 cm len_h (4 inch diameter core, approximately
2.4 kg) from the surface sediment will be extruded from the coring sleeve under anoxic conditions
and transferred to 4L flasks. Each reactor will be topped with IL of deaerated site water above the
sediment surface after settling. The core materials will be thoroughly and continuously mixed so
as to achieve a maximally homogeneous sample reactant distribution and for sampling. Two
reactors will be prepared for each of the four reagent systems. Reagants will be added daily and
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the headspace continually purged with an nitrogen/carbon dioxide/hydrogen ratio of 85:10:5.
mixture.

2. To provide a higher concentration of chemicals for study, 0.1 gm each of selected PAl-Is and a
PCB mixture will be added to each flask: the resulting concentrations are expected to be
approximately 50 mg/kg (or 50 ppm). Additionally, one PAH will be _4C-radiolabeledto track
metabolism of the PAH to carbon dioxide, soluble products, or sediment -bound material. The
proposed PAHs for study are phenanthrene and chrysene (3- and 4-member ring PAHs,
respectively). These chemicals will be slowly added to stirred reactors as solutions in n-butanol to
achieve even distribution. It is expected that the n-butanol will be transformed rapidly to give
products similar to natural organic materials that will nnt significantly affect reactor conditions over
a longer time period.

3. After mixing for 48 hours to stabiliTe the sediment water system and before addition of
reagents, three 25 _ sediment samples will be collected from each reactor and analyzed for
PAHs, PCBs, total metals, organic carbon content, phosphate, sulfate, nitrate, ammonia and total
sulfides; the redox potential and conductivity,of the slurried mixture will also be measured These
analyses will provide a baseline of chemical concentrations and conditions for evaluating the initial
system characteristics.

4. The data will be reviewed for agreement among reactors, and the variance in the concentration
data calculated for the PAH and PCB components. These analyses will provide a baseline of
chemical concentrations and conditions for evaluating the initial characteristics of what is expected
to be an anaerobic, methanogenic condition in sediment. The data on the concentration will also be
used to determine what losses of constituents may be practically measured based on the initial
concentrations present and the variance in the data.

5. With continuous stirring, the following reagents will be added to each of the two reactors
comprising a reactor set: oxygen via sparge tube; sodium nitrate; sodium sulfate. The remainin__
reactor set will have no reagents added. The reagents will be added daily until achieving a stable
redox potential is achieved (+/- 30 mv for daily readings).

6. The initial reagent addition will necessarily require frequent monitoring of redox potential to
achieve a stable system, which will depend on the rate of reagent consumption. The conditions of
stability will be determined under the direction of the Co-Principal Investigator, and with the
a_eement of the Principal Investigator and the Quality Control Pro=re'amManager.

7. The continuously stirred reactors will be maintained in a 15°Ctemperature bath for six months.

8. The redox potential and pH of the slurried solution will be measured daily; less frequent
monitoring will be conducted if the measurements indicate a stable redox and pH condition is
maintained on a longer time scale. Carbon dioxide production will be measured every three days,
or more frequently as required. The production of carbon dioxide, and of labeled carbon dioxide,
will provide a continuing measure of oxidation of sediment organic matter and the labeled PAH
over the course of the study.

9. After three months, three 25 _n samples will be collected from one reactor in each of the four
reactor sets for analyses as discussed below.

10. After another 3 months (or a total of six months), the remaining four reactors will be
thoroughly stirred and samples collected for analyses.

11. Stirring of the sediment mixture is conducted to provide a homogeneous media for sampling
with the intent of minimizing the concentration variancedue to sampling heterogeneity,
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6.0 ANALYTICAL METHODS

Three samples will be collected from each reactor at the designated times for analyses. It is
expected that three samples will provide a practical measure of the variance and average of PAH
and PCB concentrations for assessing losses due to transformation reactions. The analytical
procedures for the organic and inorganic constituents are listed in Table SAP-3. The reporting
limits goals are also listed in the table, but mav not be achievable due to expected matrix
interferences.

7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION

The variance in concentrations a:,d evidence for loss of target chemicals as a goup and as
individual constituents or PCB congeners will be discussed in the report for this task. The report
for the task will also address tile disposition of the labeled PAH in terms of complete mineralization
or incorporation into natural organic materials

8.0 HEALTH AND SAFETY

The performing organization's health and safety policy and program will be complied with in all
work conducted.

9.0 RESIDUALS MANAGEMENT

_, Under Federal Treatability Study Sample Exemption Rule, collection of hazardous wastes for
purposes of conducting treatability studies are conditionally exempt from generator and transporter
requirements (40 CFR parts 262 and 263).

10.0 RECORDS

Records generated as a result of performance of this SOP will be controlled and maintained in
project record files in accord with the CQCPP and SQP 4.2.
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TRANSFORMATION OF PCBs AND PAHs IN
VADOSE ZONE SOIL PLOTS

STANDARD OPERATING PROCEDURE 30.5

1.0 PURPOSE
The followingprocedure is an experimentalapproachdesigned to evaluatethe intrinsic
remediation of PAHs and PCBs in soil plots established in theWest Beach Landfill Wetlands. The
data from these procedures is likely a functionof soil properties, seasonal parameters, and other
environmental variables that are not specificallymeasured, and therefore the data should not be
used at other sites.

2.0 OBJECTIVE
The objectives of the procedure is to provide data to estimate the rate of transformationof PAHs
and PCBs under conditions of the vadose zone soils in the West Beach LandfillWetlands. As a
specific part of this objective, the effect of vegetationin promoting these transformations will be
evaluated.

3.0 REFERENCES
Hunt, J. R, P. A. Holden, and M. K. Firestone (1995). Coupling Transport and Biodegradation
of VOCs in Surface and Subsurface Soils.
Holden, P. A., and M. K. Firestone. 1996. Soil Microorganisms in Soil Cleanup: How Can We
Improve Our Understanding? In press, J. Environ. Qual.
Qiu, X., S. I. Shah, E. W. Kendall, D. L. Sorensen, R. C. Sims, and M. C. Engelke. 1994.
Grass-enhanced Bioremediationfor Clay SoilsContaminated with Polynuclear Aromatic
Hydrocarbons. Bioremediation through Rhizosphere Technology. Ed. T. A. Anderson and J. R.
Coats. ACS Symposium Series 563, Washington D. C.
Schwab, A. P., and M. K. Banks. 1994. Biologically Mediated Dissipation of Polyaromatic
Hydrocarbons in the Root Zone. Bioremediation through Rhizosphere Technology. Ed. T. A.
Anderson and J. R. Coats. ACS Symposium Series 563, Washigton D. C.

4.0 SPECIALIZED EQUIPMENT
The procedure will entail establishingfield plots in four in-ground containment systems, and
requires a mixer of approximately one cubic meter to mix soil and reagents. The containment
systems are constructed with galvanized steel sides and bottom, and lined with a polyethylene
membrane.

5.0 EXPERIMENTAL PROCEDURES

5.1 A preliminary soil sampling programwill be conducted in the areas of proposed study to
evaluate the existing concentration distribution of PAH constituentsand PCBs. This preliminary
study will be used to locate areas where the highestconcentrations of these chemicals are present
so as to optimize the measurement of chemical loss rates.

5.2 Four soil plots, each approximately 1m x I m x 1m, will be individually excavated and placed
in a mixer, and mixed until the soil is visually homogeneous. The plots will be prepared and
maintained so that they will simulate the conditionsof exposed soils in the wetlands area (see
below). For two plots, solutions of approximately 18 gm each of selected PAHs and of Aroclor
1254in 1 L of acetone will be added slowlyto the soils during continual mixing; the
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concentrations of these added chemicals will thenbe approximately 10mg/kg (or 10 ppm.). The
plots will be managed as follows:

Plot Conditions
A No chemicals added no native vegetationplanted, and weeded as necessary
B Chemicalsadded,native vegetation planted
C Chemicals added,no native vegetation planted, and weeded as necessary
D No chemicals added,native vegetationplanted

5.3 Each soil plot will be placed in an in-ground containment system that lm x lm x 0.860 m
deep, The containment system willbe constructed of 16-gaugegalvanized steel and double-lined
with a polyethylene membrane. The bottom of the system will be sloped to one comer, with a 6-
inch standpipe at this comer to allowmeasurementand collection of infiltrating water. The bottom
of the containment system will be initially filled with 6-inchesof pea gravel before the mixed soil
is placed into the system. The top of the containment system will extend approximately 10-cm
above ground surface so as to prevent overflow from the system, and will be covered with a wire
mesh so as to prevent direct contact of fauna with soil in the plots. Additionally,a 6-inch deep
drainage channel will be trenched around the plots so as to divert water from flowing or ponding
into the area of the plots during storm events.

5.4. Each plot will be examined at least monthly to ensure the integrity of the plots (drainage
system intact, wire mesh in place, etc.), to weed the plots, and measure water depth in the gravel
layer. Water samples will be collected for analysisat least quarterly; target analytes will only be
PCBs and PAHs that have been added to the plots.

5.5 For sampling of soil to monitor PAH and PCB loss, each plot will be divided into four
quarters, and three 50 gm soil sampleswill be collected from each quarter at depth of 3 to 15cm
below the soil surface; a sample from each quarter will then be composited to give three
composited samples (200 gm) and analyzed for PAHs, PCBs, total metals, organic carbon
content; the redox potential and conductivity of the slurriedmixture will also be measured to
assess the general soil conditions that may be expected during inundation. These analyses will
provide a baseline of chemical concentrationsand conditions for evaluatingthe initial
characteristics of what is expected to simulate field conditions where PAHs and PCBs are present.

5.6 The data will be reviewed for agreement amongreactors, and the variance in the concentration
data calculated for the PAH and PCB components; the data will also be compared to the initial
data from 5.1 above to verify the expected concentration of chemicals. These analyses will
provide a baseline of chemical concentrationsand conditions.The data on the concentration will
also be used to determine what lossesof constituents may be practicallymeasured based on the
initial concentrationspresent and the variance in the data.

5.7 After three months, the same sampling program described in (2) will be repeated.

5.8 After another 3 months (or a total of six months), the same sampling program will be
repeated.

5.9. The concentration data will be used to evaluate the loss rates of PAH constituents and PCBs
in the soil plots. The data evaluation will include an assessment of the uncertainties due to
analyticaland spatial heterogeneityof the soil samples.

6.0 ANALYTICAL METHODS
Three sampleswill be collected from each reactor at the designated times for analyses.The
analytical procedures for the organic and inorganic constituents are listed in Table SAP-3; PAHs
will be analyzed at LBNL using EPA Method 8100. The reporting limits goals are also listed in
the table, but may not be achievabledue to matrix interferences.
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7.0 DATA MANAGEMENT, ANALYSIS AND INTERPRETATION
It is expected that the sample collectionand compositingplan will provide a practical measure of
the variance and average of PAH and PCB concentrations for assessing losses in the soils plots
due to transformation reactions. The statistical analyses and conclusionsregarding rates of
transformations and the influence of vegetationon the transformations will be discussed in the
report for this task.

8.0 HEALTH AND SAFETY
The performing organization's health and safetypolicy and program will be complied with in all
work conducted.

9.0 RESIDUALS MANAGEMENT
Under Federal Treatability Study SampleExemption Rule, collection of hazardous wastes for
purposes of conducting treatability studies are conditionallyexempt from generator and transporter
requirements (40 CFR parts 262 and 263).

10.0 RECORDS
Records generated as a result of performanceof this SOP will be controlled and maintained in
project record files in accordance with the CQCPP and SQP 4.2.
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ABBREVIATIONS AND ACRONYMS
(Sheet ! of 2)

AC alternating current

ACGIH American Conference of Governmental IndustrialHygienists
APR air-purifying respirator
ALARA as low as reasonably achievable
ANSI American National Standards Institute

ATG Allied Technology Group, Inc.
ATSDR Agency for Toxic Substance and Disease Registry
BERC Berkeley Environmental Restoration Center
CAL/OSHA California Occupational Safety and Health Administration
CCR California Code of Regulations
CFR Code of Federal Regulations
CGI Combustible gas indicator
CH_ methane
CIH Certified Industrial Hygienist
CPR cardiopulmonary resuscitation
CPT cone penetrometer testing
CRZ Contamination Reduction Zone
CSE Certified Safety Executive
dBA - decibels, measured on the A-weighted scale
DRI direct-reading instrument

ECM - Erythema chronic migraine
EPA - U.S. Environmental Protection Agency
eV - electronvolt
EZ - exclusion zone

°F - degrees Fahrenheit
FID - flame ionization detector

HEPA - High efficiency particulate air
HSP - Health and safety plan (site-specific)
HP Health Physics

IDLH immediately dangerous to life or health
IP ionization potential
LEL lower explosive limit
LEPC Local Emergency Planning Committee
MSDS material safety data sheet
MSHA United States Mine Safety and Health Administration
mg/m 3 milligrams per cubic meter of air

NAS Naval Air Station

NH3 ammonia
NIOSH National Institute for Occupational Safety and Health
NOSC Navy On-Scene Coordinator
NOSCDR Navy On-Scene Commander
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ABBREVIATIONS AND ACRONYMS
(Sheet 2 of 2)

02 oxygen
OM oxygen meter
OSHA United States Occupational Safety and Health Administration
OVA organic vapor analyzer
PCB polychlorinated biphenyls
PDS personnel decontaminationstation
PEL OSHA or CAL/OSHA Permissible Exposure Limit
PI - Principal Investigator
PID - ultraviolet photoionization detector
PM - ATG's Project Manager
PPE - Personal protective equipment
ppm parts per million
ROICC Resident Officer in Charge of Construction
SEE Steam enhanced extraction
SHSO Site Health and Safety Officer
SSP standard safety procedure
SS Site Superintendent
SVOC Semivolatile Organic Compounds
SZ - Support zone
TLV - Threshold Limit Value
TWA - time-weighted average
UCB - University of California - Berkeley
VOC Volatile organic compounds
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HEALTH AND SAFETY PLAN COMPLIANCE AGREEMENT FORM

All fieldpersonnelwill agree in writingto comply withtheprovisionsof this HSP, with the BERC

Program Healthand Safety Plan, andwith ATG's Corporate Health and Safety Program, before

startingfield work atSites 2 and 17.The following pagecontainstheHealthand Safety Compliance

AgreementForm Attachmentto be signedby all fieldpersonnel.
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HEALTH AND SAFETY PLAN COMPLIANCE AGREEMENT
FORM

SITE]FACILITY NAME:Naval Air Station Alameda Location,
Alameda California

Site Location: Sites 2 and 17

ATG Project Manager:

Site Superintendent:

Site HealthandSafetyOfficer:

COMPLIANCE AGREEMENT FORM

We, the undersigned,have individu_ly readthe healthandsafety guidelinespresentedin
this Healthand SafetyPlanand will follow them while performingon-sitework activities
at:

NAME/TITLE/ORGANI_ON PrintName DATE
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1. INTRODUCTION

This purposeof this site-specific Health and Safety Plan (HSP) is to describe the necessary health and
safety procedures for sediments intrinsic remediationtreatability studyat Site 2, WestBeach Landfill,
and Site 17, Seaplane Lagoon, Naval Air Station, Alameda. This work, referred to as the sediments
study in this HSP, has been authorized under the Partnership agreement between the U.S. Navy
Engineering Field Activity West and the Berkeley Environmental Restoration Center (BERC),
University of Californiaat Berkeley (UCB). Allied Technology Group, Inc. (ATG prepared the HSP
in response to Navy Delivery Order004) as a BERC contractor.The objectives of the sediments study
are to develop and apply sediment characterizationmethods, to evaluate sediment toxicity indicators,
to evaluate influences present on the fate and transport of metallic contaminants, and to evaluate
intrinsic remediation of selected organic compounds.

Work will be conducted in accordance with the Intrinsic Sediment Processes Study, Sites 2 and 17
(Work Plan); the BERC Health and Safety Plan Program, Volumes 1 and 2, Revision 2.0, dated
October 16, 1995; ATG Corporate Health and Safety Program; ATG General Management Plan; and
the requirements of this HSP. The field work will be conducted by UCB personnel, ATG, and
subcontractors to ATG.

This HSP is intended to protect UCB and ATG employees as well as ATG's subcontractors on site.
This HSP has been prepared to assure that all Occupational Safety and Health Administration
(OSHA) requirements promulgated in 29 Code of Federal Regulations (CFR) 1910.120(b)(4) Site-
Specific Safety and Health Plan, and in Title 8 of the California Administrative Code, Section
5192(b)(1) are met. This document describes the health and safety procedures that will be instituted
for all field activities associated with this study. This HSP references standard safety procedures
described in Section 12 of the BERC Health and Safety Plan (Program) a copy of which will be
available on-site. Site standard safety procedures relevant to this project are included in BERC Health
and Safety Plan (Program).

This HSP will be provided to all field personnel who may be exposed to hazardous on-site conditions,
including BERC, ATG, and subcontractor personnel and site visitors. Field personnel shall read this
HSP and document their agreement to comply with it on the Compliance Agreement Form shown at
the front of this document.

The Site Health and Safety Officer (SHSO), with the support of ATG's Project Manager (PM), will be
responsible for enforcement of this HSP. Personnel who fail to follow the HSP procedures will face
disciplinary action up to dismissal from the project at Sites 2 and 17. The UCB Program Certified
Industrial Hygienist (CIH), in consultation with ATG's CIH, PM and SHSO, shall be responsible for
resolving health and safety related questions and disputes.

2. PROJECT PERSONNEL RESPONSIBILITIES
This HSP applies to all field personnel working at Sites 2 and 17, including subcontractors and
visitors. The ATG PM and the SHSO will be responsible for implementation and enforcement of the
health and safety provisions of this HSP when subcontractor personnel are in the field. When only
UCB personnel are in the field,. Their duties are described in this section along with the duties of
other project personnel.

2.1 BERC PROGRAMMANAGER
Dr. Kent Udell is the BERC Program Manager. He is responsible for reviewing and directing
proposedactivities and safety precautionsat Sites 2 and 17.
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2.2 UCB PROGRAM CERTIFIED INDUSTRIAL HYGIENIST

Mr. Mark Freiberg is the UCB Program Certified Industrial Hygienist (CIH). He has the overall
responsibility for the health and safety activities at BERC project work site at Sites 2 and 17. He
reviewed and approved this HSP. No changes may be made to this HSP without his written approval.

2.3 BERC PRINCIPALINVESTIGATOR

Dr. James Hunt is the BERC PrincipalInvestigator.As the Principal Investigator he is responsible for
including safety precautionsin proposed activities at Sites 2 and 17.

2.4 ATG PROJECT MANAGER

Arvind Acharya, R.G., of ATG, is the Project Manager (PM). He is responsible for the job-related
health and safety of site personneland for managing the risks associated with project equipment and
facilities.

2.5 ATG CERTIFIEDINDUSTRIALHYGIENIST

Mr. Michael Connor, CIH, CSP, is ATG's CIH. Mr. Connor is responsible for developing,
establishing, and coordinating the implementation of health and safety policies and procedures for
ATG managed activities on BERC projects. He prepared this HSP. Mr. Connor shall also be
responsible for updating this document to reflect either changes in operations or regulations.
Proposedchanges shall only be implementedif approved by the UCB CIH (Mr. Freiberg).
ATG's CIH will be the first point of contact on health and safety related issues for field personnel.
ATG's CIH will communicate with UCB's ProgramCIH on all matters relating to health and safety
activities at Sites 2 and 17 and on any decision made regarding health and safety activities. Accident/

Incident reports will be sent to ATG's CIH with a copy furnished to UCB's Program CIH.

2.6 SITE HEALTH AND SAFETY OFFICER

Because of the limited effort and duration of the field effort, the SHSO for this project is also Mr.
Acharya. He is the primaryenforcementauthority for compliance with the policies and provisions of
this HSP, with the BERC Health and Safety Plan (Program), and with ATG's Health and Safety
Program.Mr. Acharya shall also be responsible for conducting bi-weekly site inspections to identify
and to ensure that hazards previously noted have been corrected. If he cannot be on site, Mr. Acharya
shall appoint an alternate SHSO who shall be approved beforehand by Dr. Hunt, the Principal
Investigator.

2.7 ATG SITESUPERINTENDENT

Mr. Acharya is the Site Superintendent (SS). He will direct all field activities including emergency
response operations. Mr. Acharya will ensure necessary preparation and coordination for all site
operations, including health and safety.

2.8 SUBCONTRACTORMANAGEMENTANDPERSONNEL

Each subcontractorresponsible for workers required to enter a hazardous waste site exclusion zone
shall comply with the requirementsof 29CFR1910.120, 8CCR5192, and with the requirements of the
BERC Health and Safety Plan (Program)and of this HSP. Compliance with these requirements is not
intended to either supersede or replace the contractor's own illness and injury prevention plans

required by 8CCR3203. Responsibilities of subcontractormanagement and personnel are described
further in Section 2.5 of the BERC Health and Safety Plan (Program).
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2.9 VISITORS

Site visitors are also required to adhere to this HSP. Either the ATG Project Manager or the SHSO
shall brief site visitors on site health and safety hazards when they first arriveon site. In general, site
visitors will not be allowed access to contaminated areas (exclusion zones) unless they have
demonstrated compliance with the medical surveillance and training requirementsof this HSP. The
responsibilitiesof visitors to Sites 2 and 17 are further described in Section 2.7 of the BERC Health
and Safety Plan (Program).

3. HAZARD ANALYSIS AND CONTROL PROGRAM

3.1 PROGRAMOVERVIEW

This section describes the site, summarizesthe tasksto be conductedas partof the Intrinsic Sediments
Processes Study, and discusses the hazards associatedwith the field work.

3.1.1 Site Location
Sites 2 and 17 are located at NAS Alameda. A "Site Location Map" is shown as Figure 3-1. NAS
Alameda is located on the western end of Alameda Island.

The West Beach Landfill (Site 2) occupies approximately 110 acres in the southwestern comer of
NAS Alameda. It is bound on the west and south by San Francisco Bay; and by a fence on the north
and east sides. The former landfill is surroundedby an earthenberm approximately55 feet wide and
about 7 feet above the landfill surface. It is moderately to well vegetated and contains wetlands (i.e.
marshy terrain) in some areas.

Site 2 was used as waste disposal landfill from 1952 to 1978. Approximately 1.6 million tons of
waste, 30,000 to 500,000 tons of which were considered hazardous, were placed at this facility.
Known wastes at Site 2 include drums; solvents; oils and sludges; paints, strippers, thinners, and
plating wastes; industrial strippers and cleaners; acids; mercury; PCB-contaminated fluids; batteries;
low-level radioactive materials; scrap metals; inert ordnance; creosote; dredge spoils; and waste
medicines and reagents; spoiled food; asbestos; pesticides (solid and liquid); tear gas agent ortho-
chlorobenylidene malononitrile (CS); infectious wastes, and municipal wastes.

The Seaplane Lagoon (Site 17) is located at the southeastern comer of NAS Alameda (Figure 3-2).
This lagoon has a surface area of 110 acres; is 12 to 17 feet deep and is almost entirely surrounded
by seawalls. Entrance to it is through an opening in the breakwater which extends from Pier 1. The
lagoon is approximately 800 feet long and is subject to tidal circulation. Nearby are berths for deep
draft ships.

From 1943 to 1975, the lagoon was used as a receiving basin for an estimated 300 million gallons of
wastewater from the combined storm and sanitary sewer system which received wastewater from many
industrial operations throughout NAS. In 1975 industrial wastewater was segregated from the system
so that discharges into the lagoon consisted only of storm sewer discharges and surface runoff (PRC,
1994a).

Wastewater discharged to the Seaplane Lagoon before 1975 was reported to contain metals, solvents,
paints, detergents, acids, caustics, mercury, oil and grease, and PCBs. Ships docked at the piers south
of the entrance discharged wastewater containing solvents, chromium, waste oil, and fuel which could
have been swept into the lagoon by tidal action.
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3.1.2 Project Summary
This section provides a summary of the work needed to complete the sediment study at Sites 2 and
17. The work essentially consists of two types of activities: sample collection at both sites and acoustic
imaging the bottom of the lagoon (Site 17). Site 2 sample collection shall consist of hand augering to
collect core samples, groundwater sampling, and soil gas sampling. The latter shall consist of the
installation of equipment to sample soil off-gassing. Trained field workers will collect lagoon
sediment samples from Site 17 either from a Boston Whaler or other suitable vessel. Acoustic imaging
will be from a small barge towed by a shallow draft vessel in specified pattems. This vessel shall be
contracted with crew from a commercial vessel operator.

3.2 HAZARDANALYSIS

Sample collection at Site 2 will be associated with chemical and physical hazards. Chemical hazards
could arise from direct contact with contaminated materials during soil sample collection. Inhalation
exposure is expected to be very low since known contaminantare below ground and are present at
low concentrationsand since borings will representshort term point sources. The low dermal hazard
will be mitigated through the use of personal protectiveclothing as described in Section 7.1 of this
HSP. The chemical hazards associated with groundwatersamplingwould be similar and lower for soil
gas sampling since equipment installation does not require intrusive procedures. The primary
physical hazard associated with work at Site 2 is slip trip and fall from work on wetlands or marshy
grounds. This will be primarily mitigated through the use of buddy teams and careful work practices.
Sediment sample collection at Site 17 will also be associated with chemical and physical hazards.
Chemical hazards may arise from incidental contact with contaminated materials during sample
collection. This hazard is expected to be lower than sample collection at Site 2 since the work will
involve sampling essentially Bay muds. The primary physical hazards associated with sample
collection are either drowning or hypothermia. The hazards associated with acoustic imaging are
primarily water related since the work will occur on a towed barge. Section 11.3 details water safety
procedures.

Attachment 3-2 is the Job Hazard Analysis form for planned site activities as described in Section 3.2
of the BERC Program Health and Safety Plan.

3.2.1 Chemical Hazards
Table 3-1 lists the contaminants known to be on Site 2. These contaminants can be classified into
volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), metals, and
pesticides. Exposure to these substances could arise through inhalation, skin contact and ingestion.
Each of these routes of exposures is discussed below. Figure 3-3 contains a summary of the adverse
effects of known site contaminants.

Overall, inhalation exposure to contaminants at Site 2 is expected to be below applicable federal and
California PELs because known contaminant content is comparatively low and because recent
sediment sample collection work in the lagoon showed no detectable VOCs. The same would apply to
Site 17 because it is expected that VOC content in sediments would be low since these substances tend
to float.

Although some VOCs known to be present on site are flammable, the f'u'e and explosion hazard is not
anticipated to be significant because of the aqueous nature of the samples. Furthermore as most
flammable and combustible liquids have a higher specific gravity than water, they are very unlikely to
be present in sufficiently high concentrations to present either a flammable or a toxic hazard.
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It is possible there could be hydrogen sulfide (H2S) exposure from residual subsurface petroleum

_, products. Although this hazard is unlikely during sediment sampling, this potential hazard will be
evaluated through periodic monitoring with a direct H2S reading monitor.

H2S is an acutely toxic gas which can be fatal at relatively low concentrations (500 ppm). Exposure to
lower concentrations may cause eye and respiratory irritation. The current CAL/OSHA PEL for this
substance is 10 ppm on an 8 hour time weighted average. Although the rotten egg-like odor of H2S is
easily detectable at low concentrations, its odor is not a reliable warning because the olfactory system
becomes desensitized during prolonged exposure. High concentrations, may cause loss of
consciousness, dizziness and upset stomach. The chronic effects of exposure to H2S are negligible.

Dermal exposure to site contaminants is more likely than inhalation, particularly during direct contact
with contaminated materials. This could occur when collecting either soil, groundwater or sediment
samples, when cleaning sampling equipment or other related equipment. However, the use of personal
protective equipment as described in Section 8 of this HSP will minimize this occasional hazard.
Ocular exposure shall be minimized through the use of appropriate eye protection.

Ingestion exposure to site contaminants is also expected to be low because eating, drinking and
smoking shall be forbidden during sampling activities, and because personal decontamination is
required when concluding sample handling and equipment cleanup,

3.2.2 Physical Hazards
There are a number of physical hazards associated with the pilot study, the most significant of which
is working on or near water. San Francisco Bay water temperatures average 58°F which exacerbates
drowning hazards because of rapid hypothermia. Section 11.4 contains standard safety procedures
for working on or around a body of water. Section 3-1 references the corresponding standard safety

procedures from Section 12 of the BERC Program Health and Safety Plan (Program) for these
hazards.

3,2.2. I Slip, Trip, and Fall Hazards

Slip, trip, and fall hazards may be present at Sites 2 and 17. Such hazards will be identified and
reviewed by the SHSO at the daily health and safety meeting before field work begins. Slip, trip, and
fall hazards are discussed in Section 12.17 of the BERC Health and Safety Plan (Program). Work on
Site 2 shall be in pairs (buddy system) who shall remain in sight of each other.

3.2.2.2 Electrical Hazards

Sample collection at both sites is not expected to be associated with electrical hazards. However, the
acoustic imaging system, (a commercially available unit IKB-Seistec Model B3, IKB Technologies
Ltd., Dartmouth, Nova Scotia, Canada) requires operating voltages of up to 3,000 Volts provided by a
Seismic Energy Source Model 234 (EG&G Environmental Equipment, Burlington, MA). This
hazard, while potentially serious, is not expected to be significant because both units are designed for
outdoor use over bodies of water. Furthermore, the equipment will undergo a thorough operational
review by Mr. Keith Gershon, a Lawrence Berkeley National Laboratory Environmental Health and
Safety electrical safety officer with an electrical engineering degree. Furthermore, Mr. Pat Williams,
the field operator of this equipment, who has received manufacturer training on the safe operation of
this equipment, is an experienced operator. Section 11.4 describes the standard safety procedures for
acoustic imaging work.
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3.2.2.3 Heat and Cold Stress

Heat stress is a potential hazard during warm months due to physical exertion associated with

construction activities while wearing personal protective clothing. When ambient temperatures reach
70 degrees Fahrenheit (o F) and workers are wearing personal protective clothing, work-rest cycles
will be scheduled on a regular basis and liquids with electrolytes will be available to replenish body
fluids. The PM and SHSO shall establish the work rest cycles as necessary. This shall be discussed
during tailgate safety meetings.

Because the incidence of heat stress depends upon a variety of factors, all workers, even those not
wearing personal protective equipment (PPE), will be observed and instructed to report any symptoms
of heat stress.

Section 12.15 of the BERC Health and Safety Plan (Program) contains the standard safety procedures
for handling heat stress-related hazards. It shall be discussed during the site specific training and
reviewed as necessary during tailgate safety meetings.

Cold stress is a potential hazard for this project particularly during work on Site 17 should clothing
become wet. This shall be avoided through the use of PVC raingear or other waterproof clothing
which shall be required when working on water and during wet weather. Site workers shall be
encouraged to dress in layered clothing to stay warm and to bring a change of warm dry clothing.
The signs and symptoms of hypothermia shall be reviewed at a tailgate safety meeting. Site workers
shall work under the buddy system when either conditions or activities predispose the potential for
cold stress. Employees shall be reminded of the importance to stay warm and to observe each other
for shivering. If shivering occurs, activities shall be suspended and the affected employee(s) shall be
taken to a warm and dry location to allow rewarming, and change of clothing as necessary.

3.3.3 Biological Hazards
Sites 2 and 17 do not currently have flora and fauna that would present a biological hazard. However,
the ATG Project Manager or the SHSO shall inspect the site before field work begins to ensure the
absence of such hazards. This shall be discussed during the site specific training as needed.
Additionally, the SHSO shall conduct routine inspections to ensure there are no new biological
hazards present. Section 12.24 of the BERC Health and Safety Plan (Program) contains the standard
safety procedures for biological hazards.

4. TRAINING REQUIREMENTS
Work in the exclusion zones of the project will require completion of a 40 hour hazardous waste
class. Site supervisors shall also have completed an appropriate 8 hour supervisor course. Persons
visiting the sites infrequently or for short durations (such as transporting equipment or samples to
laboaratories) shall have a minimium of 24 hour training. This general training shall be updated
annually. These training requirements are described in detail in Section 4 of the BERC Health and
Safety Plan (Program).

Site specific training is also required for all site personnel. The content of this training will depend on
the activities to be conducted. Attachment 4-3 contains an example of a tailgate health and safety
form to record topics covered. The following is an outline of the site specific training:

• Site roles and responsibilities:
• Site hazards

• Water safety (Site 17)

• Site controls
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• Site personal protective equipment
• Site decontamination procedures

'_ • Applicable standard safety procedures (See Table 3-1)
• Emergency preparedness:

Communications

Location of emergency facility
Evacuation/muster points
Man overboard (Site 17)

Additionally, vessel operators shall be trained on the safe operation of vessels used during this
project. The minimum acceptable training shall be completion of the U.S. Coast Guard Auxiliary
Boating and Seamanship course (or equivalent).

Personnel without site specific training shall not be permitted into exclusion zones. Visitors are
required to adhere to this training requirement.

There will be one individual current in first aid and CPR training on site during all field work.

5. MEDICAL SURVEILLANCE

All BERC, ATG, and sub-contractor personnel that will be working either with contaminated materials
or in an exclusion zone shall participate in an annual medical surveillance program in accordance
with federal and state requirements. A California licensed and certified physician shall clear workers
to wear respiratory devices and protective clothing as required.

Field personnel shall receive pre-placement examinations and annual re-evaluations to update
clearances. Documentation of examinations shall be provided to the Navy five working days prior to
the Preconstruction Meeting. The SHSO shall communicate medical restrictions to the affected
employee whose work tasks shall be revised to be consistent with terms of the restrictions. Employees
leaving their positions shall also be provided with an exit physical, if they have not had an annual re-
examination in the preceding six months. Medical surveillance requirements for field personnel are
further described in Section 5 of the BERC Health and Safety Plan (Program).

6. SITE CONTROL

Site control procedures specified in Section 6 of the BERC Health and Safety Plan (Program), and
include exclusion zone (EZ), contamination reduction zone, support zone and site security. The EZ is
the project area where there is actual or potential contamination of equipment and personnel.
Personal protective equipment as described in Section 8 of this HSP shall be worn in the EZ. Visitors
will not be permitted to enter the EZ without the authorization of the SHSO. Authorization shall be
granted only if visitors meet the same medical and training requirements as project field personnel.
Entry to the EZ shall be restricted to the minimum number of personnel, and only under the buddy
system. Either the ATG PM or SHSO will also log all employees and visitors who enter the EZ.

The specific location of the EZ will vary according to task. For example, the exclusion zone (EZ) will
extend at least 10 feet from all drilling and sampling activities at Site 2 and will be marked by cones,
barricade tapes or other equivalent methods. These EZs shall be terminated when boreholes have
been either covered or backfilled. An EZ is not necessary for activities which do not disturb
subsurface contaminants. On the other hand, the exclusion zone for the sediment sample collection at
Site 17 shall be the area behind the boat operator's station on the Boston Whaler. A CRZ is not
required for acoustic imaging work since it does not require direct contact with contaminated
materials or samples.
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The contamination reduction zone (CRZ) will be immediately adjacent to and upwind from the EZ,

except on the Boston Whaler used for sediment sample collection. In this case, the EZ shall be used as
the CRZ when sample collection is completed. The CRZ shall be used to clean contaminated tools and
equipment and to doff personal protective equipment.

The support zone (SZ) will be situated in a clean, uncontaminated area outside the CRZ, where
exposure to either hazardous materials or conditions is minimal. Contaminated equipment, samples,
or personnel are not permitted in the SZ. The office trailer shall be installed in the SZ.

7. PERSONAL PROTECTIVE EQUIPMENT
The variety of tasks associated with the sediments study will require different levels of personal
protective equipment (PPE) as described below and listed in Attachment 7-4. PPE requirements for
activities which do not require contact with site contaminants shall consist of the following:

Hard hat
Safety glasses with side shields
Long-sleeved shirts
Cotton or leather gloves
Foot wear with steel toe and shank

The SHSO shall review field PPE needs on a periodic basis in accordance with the guidelines shown
in Section 7 of the BERC Health and Safety Plan (Program). PPE requirements shall be reviewed
during tailgate safety meetings as necessary.

As described in Section 3.2, site work is not anticipated to require more than EPA level D PPE.
However, as discussed in Section 9, air monitoring will be used to confirm that respiratory protection
is not necessary. Respiratory protection shall be selected based on air monitoring results and shall be
reviewed and approved by Mr. Michael Connor, CIH.

7.1 SITE2

The PPE required in exclusion zones associated with either soil boring work or other activities with
actual or potential exposure to site contaminants will consist of the following modified level D
ensemble:

Hard hat

Safety glasses with side shields
Polyethylene coated Tyvek suits
Nitrile gloves with surgical inner gloves
PVC or neoprene boots with steel toe and shank

Site visitors not required to work in the exclusion zone shall wear PVC or neoprene boots with steel
toe and shank and Polyethylene coated Tyvek suits to minimize incidental contamination. Footwear
shall be cleaned before exiting the site.

7.2 SITE17

PPE requirements for sediment sample collection shall consist of the following:

Coast Guard approved personal flotation device
Safety glasses with side shields
PVC or other waterproof raingear
Nitrile gloves
PVC or neoprene boots with steel toe and shank
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Nitrile gloves may be substituted for cotton work gloves for acoustic imaging work as this will not
_€ involve direct contact with contaminated materials.

8. DECONTAMINATION

The sediments study field work shall require basic decontamination procedures mostly during sample
collection at Sites 2 and 17. The installation of soil gas sampling equipment at Site 2 and acoustic
imaging at Site 17 will not require any specific decontamination procedures other than good personal
hygiene because this work will not involve direct contact with contaminated materials.
Decontamination procedures shall be discussed during site specific training and reviewed during
tailgate safety meetings.

8.1 DECONTAMINATION PROCEDURES

The following decontamination stations shall be used in the designated CRZ for decontamination
during soil and groundwater sampling activities at Site 2:

1) Segregated equipment drop. Drop equipment used on site (hand tools, monitoring equipment
and sampling containers, radios, clipboards, etc.) on plastic drop cloths or in containers with
plastic liners.

2) Boot cover, outer glove, and outer garment wash and rinse. Scrub boots, outer gloves, and
outer garment with decontamination solution or detergent water. Rinse off decontamination

solution or detergent water using copious amounts of water. Repeat as necessary.

3) Removal station for boot covers and outer gloves. Remove duct tape around boots and gloves
and deposit in container with plastic liner.

_' 4) Removal station for outer garment. With assistance of a helper, remove protective garment
and deposit it in container with plastic liner.

5) Hand and face wash and rinse. Wash hands and face.

These procedures may be modified during sediment sample collection at Site 17 where the EZ shall
become the CRZ at the completion of sample collection each day. In this case, the decontamination
procedures shall consist of sealing all sample containers and cleaning them of external residues. Only
clean sample containers shall be transported offsite or handled by other personnel. Protective
clothing shall be washed off as shall the Boston Whaler before the boat leaves the site.

Decontamination, other than cleaning off footwear before leaving work areas and good personal
hygiene practices, is not required for site visitors or other personnel whose work has not required
them to handle contaminated materials directly (e.g. acoustic imaging work).

8.2 DISPOSALPROCEDURES

Used but clean disposable protective clothing will be double-bagged and placed in drums for disposal
as ordinary waste. Disposable sampling tools and visibly contaminated protective equipment shall be
double bagged and disposed of appropriately based on analytical results from soil or groundwater
samples. Wash and rinse waters will be collected in drums and disposed of based on analytical results.

8.3 DECONTAMINATION DURING MEDICAL EMERGENCIES

If prompt life-saving first aid or medical treatment is required, decontamination procedures will be
omitted as needed. Since site work will not result in significant contamination of protective clothing, it
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shall be cut away or removed before transportation to the emergency facility. On-site personnel will

accompany contaminated victims to the medical facility to advise on matters involving
decontamination. This is not anticipated to be a significant issue since the field work is not expected
to be associated with significant exposure to contaminants. Section 8.4 of the Health and Safety Plan
(Program) provides additional details on emergency decontamination procedures.

9. EXPOSURE MONITORING

The purpose of exposure monitoring is to ensure that personnel are adequately protected and to
verify that site chemical hazards have been properly evaluated. Figure 9-5 list exposure guidelines for
chemical hazards known to occur in the project areas. As stated in Section 3.2, significant exposures
are not expected. The exposure monitoring necessary during the sediments study shall consist of use
of a direct reading H2S monitor, and a combustible gas indicator (CGI) whenever there is subsurface
soil disturbance. This equipment shall be used by individuals trained on the equipment's use and
limitations. The equipment shall be calibrated and used in accordance with the manufacturer's
instructions before and after use. These instructions shall be included in the SHSP when the
equipment is procured and before field work begins. Results shall be recorded as shall be recorded as
shall the date, time, weather conditions, work activity, and name of person conducting the monitoring.
These records shall be available on site. The ATG Project Manager or the SHSO are responsible for
ensuring the necessary monitoring is conducted by trained personnel.

The direct-reading H2S monitor shall be used to monitor potential exposures to this gas in
accordance with the guidelines shown in Section 9.1 of this HSP. This instrument shall be used

primarily during soil boring operations.

The CGI shall be used to verify that there are no flammable gases present at ignitable concentrations
during soil boring work. As discussed in Section 4 of this HSP., such concentrations are not
anticipated. Nonetheless, the work areas shall be monitored periodically to ensure there is no fire or
explosion hazard associated with the site contaminants.

Exposure monitoring results shall be discussed with affected employees during each day of air
monitoring. The results shall be recorded and shall be available on site.

9.1 ACTIONLEVELS

This section describes the criteria against which air monitoring results shall be evaluated. These levels
are as measured in worker breathing zones and as sustained for a period of five consecutive minutes.
Respiratory protection may be downgraded when results fall below the specified criteria for five
consecutive minutes.

9.1.1 Hydrogen Sulfide
Normal Background Levels = Level D protection

Above Background Levels
>0 to 5 ppm = Increase monitoring frequency (every 15

minutes)
>10 ppm - Stop work; evacuate site; call ATG CIH

9.1.2 Explosive Atmospheres
0 to 10% LEL = Normal backgroundlevels
> 10% LEL = Stop work; evacuate site; call ATG CIH
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During operations with live steam, the CGI and PID will be used to check all work areas within the
exclusion zone before initiating work activities. When activities within the work zone involve only
monitoring, CGI and PID readings will be taken near each monitoring point once each day or when
emissions are observed.

If H2S was observed during the drilling operation at concentrations greater then 50 ppm, then H2S will
be monitored during the steaming operation at the same frequency as CGI and PID measurements.
Otherwise, H:S will be monitored only if observed in the extracted vapors at concentrations greater
than 50 ppm.

10. EMERGENCY RESPONSE

The following sections discuss general first aid procedures, hospital and evacuation route, emergency
resources, emergency response telephone numbers, and accident/incident reporting. The site
superintendent directs emergency response operations.

The ATG SS or the SHSO shall be notified of fires spills or leaks to assess the situation and determine
the response. All personnel not trained in spill control shall evacuate the area. Only 40 hour
Hazwoper trained personnel may be used to respond to emergencies. The Base Fire Department shall
be called for large fires or for responses to spills or releases in excess of 50 pounds or 50 gallons.
The location and type of fire suppression equipment at the project site will be determined during site
construction.

10.1 SITEEMERGENCIES

Major site emergencies such as chemically related injury or fatality, fires and explosions shall require
the site to be evacuated. This shall be announced by five long blasts of the alarm. Employees shall
muster at the entrance to Sites 2 and 17 unless otherwise directed. A map of the muster point shall be
available on site. Drains or other offsite pathways shall be diked off with either soil or sorbent
materials. The Base Fire Department shall be contacted to extinguish major site fires.

The most significant emergency that could occur during the sediments study is falling overboard
during work on the Seaplane Lagoon. For this reason, man overboard procedures shall be reviewed
with all applicable personnel before work on the Boston Whaler begins.

Minor site emergencies include small spills (less than 50 gallons or 50 pounds) of contaminated
materials, or small fires. Personnel shall report these emergencies without delay. Either the SS or the
SHSO shall direct response actions, the first being to isolate the affected work area. Small spills shall
be contained with sorbent materials. Small fires shall be put out with fire extinguishers. First aid
incidents shall be handled as described in Section 10.2. As stated in Section 8.3, emergency
decontamination procedures shall consist of the removal of contaminated clothing before either
treatment or transportation of the victim(s).

The SHSO shall investigate all site emergencies after they have been mitigated to determine whether
responses were satisfactory and to determine appropriate corrective actions. This may result in
modifications to this HSP. These modifications shall be submitted for approval by the UCB Program
CIH before they are implemented.

10.2 GENERALFIRSTAIDPROCEDURES

There will be two firstaid/CPR trained person on site during field activities. These persons shall also
be trained on bloodborne pathogens as required by Section of the BERC Health and Safety Plan
(Program).These individuals shall be identified during routine tailgate safety meetings. A first aid kit
shall be kept available on site.
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Dermal Exposure: Wash with soap immediately and rinse with copious amounts of clean water.

Watch for signs of skin irritation. Seek medical attention at first signs of irritation.
Inhalation: Move victim to fresh air. Give artificial respiration if necessary. Observe victim for

signs of shock. Seek medical attention immediately.

Ingestion: CALL POISON CONTROL CENTER. Seek immediate medical attention. If possible,
a sample of ingested material will be collected and transported to hospital with the victim.

10.3 HOSPITALANDEVACUATIONROUTE

During site mobilization, ATG personnel will conduct a pre-emergency run to Alameda Hospital -
2070 Clinton Avenue - (510) 523-4357 emergency room, and (510) 522-3700 hospital. The
purpose of this is to (1) familiarize personnel with the route to the hospital; and (2) notify the
hospital of the planned site activities and potential medical needs. An emergency route to the East
Gate is shown in Figures 10-1 and 10-2. A "Hospital Route Map" is shown in Figure 10-3.

To reach the Alameda Hospital, exit the NAS site through the East Gate. Cross Main Street,
continuing East on Atlantic Avenue. Turn right onto Webster Street, then left on to Central Avenue.
Take Central and then a 90 degree right turn onto Sherman Street. Turn left onto Clinton Avenue
Emergency room entrance in on the right hand side of Clinton Avenue, between Chestnut Street and
Willow Street.

10.4 EMERGENCYRESOURCES

Before work begins at each site, contact will be made with local authorities and emergency services to
establish communication channels during an event of emergency and to familiarize the project
personnel with the communication procedure and services. Pertinent emergency information will be
included at the daily tailgate safety meetings. _'

From a base telephone (found in all government offices)

On base calls: Dial "3" plus the last 4 digits of an on-base number

Off base calls (local): Dial "9" plus the 7 digit number

Off base calls (long distance): Dial "91" plus the area code and 7 digit number,

Public Agencies

Fire (Base) (510) 263-4300
(Alameda City) 911 or (510) 522-2423

Ambulance (510) 263-4444
Police (Alameda City) 911 or (510) 522-2423
OSHA (415) 744-6670
Cal/OSHA (Oakland) (510) 568-8602

Key Project and BERC Personnel

Program Manager (Kent S. Udell) (510) 642-0922
(510) 643-1300

Principal Investigator(James R. Hunt) (510) 642-0948
(510) 643-1300

ProgramCIH (Mark Freiberg) (510) 643-8676
pager (510) 430-5038
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Allied Technology Group (ATG) CIH (Michael Conner) (415) 252-0778
pager (415) 245-4501

Project Manager (Arvind Acharya) (510) 490-3008
home (510) 522-0390

Project Superintendent (Arvind Acharya) (510) 490-3008
pager (800) 690-3573

Site Health and Safety Officer (Arvind Acharya) (510) 490-3008
pager (800) 690-3573

Occupational Health Physician (Thomas Gamsky, M.D.) (510) 643-7116

Navy Remedial Project Manager (Ken Spielman) (415) 244-2539

Navy Contact [Resident Officer in Charge of (510) 302-3354
Construction (ROICC)] (Wayne Coffer)

Base Health and Safety Office (510) 263-3395

Agency for Toxic Substance and Disease (404) 639-0615
Registry (ATSDR)

Navy On-Scene Coordinator (NOSC) (510) 263-3276

Navy On-Scene Commander (NOSCDR) (510) 263-3003

Local Emergency Planning Committee (LEPC) (510) 263-3050

Regional Poison Control Center (510) 476-6600

Medical Care Facilities

_' Hospital Name: Alameda Hospital
Hospital Address: 2070 Clinton Avenue

Alameda, CA
Alameda Hospital Telephone: (510) 522-3700
Alameda Emergency Room (510) 523-4357
Base Medical: (510) 263-4444

Regulatory Agencies:

California State Office of Emergency Services (510) 646-5908
Fish and Game (800) 952-5400
Regional Water Board (510) 464-1255
CHEMTREC (800) 424-9300
Poison Control Center (800) 356-3129
Underground Services Alert (800) 642-2444
Base Hot Work Permits (510) 263-3279

10.5 ACCIDENT/INCIDENTREPORTING

Accidents and incidents shall be reported on the form contained in Attachment 10-5,
"Accident/Incident Report Form," in accordance with BERC's Health and Safety Plan and ATG's
CorporateHealth and Safety Program.The accident/incidentform will be forwarded to ATG's CIH.
Reportableevents that may occur on a BERC project work site include:

• Injuries- injuries to personnel of any magnitude

• Toxic agent exposure - any exposure of inadequatelyprotected personnel to toxic agents
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• Personnel radiation contamination - personnel exposures to radiation contamination

• Back injuries - back injuries that require treatment by a clinic or chiropractor

• Near miss - incident in which an injury could have occurred and which requires either
preventive or corrective action to prevent re-occurrence

• Tool or equipment failure - failure that results or could result in serious injury

• Vehicle accidents - any magnitude collision or malfunction

• Property damage - ATG, client or private property

• Fire or explosion - any magnitude

• Fatality - any accident that results in the death of an employee, client, or visitor at the BERC
project work site.

A copy of the completed Accident/Injury form shall be submitted to the Resident Officer in Charge
of Construction within the prescribed timetable.

11. STANDARD SAFETYPROCEDURES

This section describes certainstandardsafety proceduresrelevant to the sediments study. This section
is not intended to either supersede or replace safety procedures described in the BERC Health and
Safety Plan (Program).

11.1 SITEENTRYPROCEDURES

All field personnel shall attenda site orientationmeeting before work startsat the site. Thereafter, an
on-site health and safety meeting will be held at the beginning of each work day to discuss pertinent
health and safety issues. Attachment 3 contains a Safety Meeting Sign-Off Sheet for persons who
attended the meeting.

11.2 STANDARDWORKPRACTICES

Standard health andsafety work practices in exclusion zones at Sites 2 and 17 NAS Alameda include
the following:

• Contact with potentiallycontaminatedsubstances should be avoided. Field personnel shall not
walk through puddles, pools, mud,etc., and shall avoid, whenever possible, kneeling on the
ground, leaning, or sitting on equipmenton the ground.

• All field work shall be with the buddysystem.

• Containers(such as drums) will be moved only with the proper equipment and will be secured
to prevent dropping or loss of control during transport.

• Equipmentwill not be placed on potentiallycontaminatedsurfaces, including but not limited
to the ground.

• Portable eyewash stations will be located near individualwork sites.

• Eating, drinking,chewing tobacco, smoking, andcarryingmatches or lighters, and using
cosmetics are prohibitedin EZ and CRZ, or where the possibility for the transferof
contamination exists.

• During rest periods, all personnel will be requiredto wash their hands and faces before eating,
drinking, smoking, or applying cosmetics.

• All field team membersshould makeuse of all their senses to alert them to potentially
dangerous situations in which they should not become involved, i.e., presence of strong and ,_f

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study

Health & Safety Plan - Appendix C, Draft Final 14 February 1997



irritating or nauseating odors,

• Site personnel will observe each other for signs of toxic exposure and heat or cold stress.
Indications of adverse health effects include but are not limited to the following:

- Changes in complexion and skin discoloration
- Changes in coordination
- Changes in demeanor
- Excessive salivation and papillary response
- Changes in speech patterns

• Site personnel will inform each other of non-visual effects of illness, such as the following:

- Headache
- Dizziness
- Nausea
- Blurred vision

Cramps
Irritation of eyes, skin, or the respiratory tract

• Spills should be prevented to the greatest extent possible. In the event that a spillage occurs,
contain liquid if possible.

• Splashing of the contaminated materials shall be avoided.

All hazardous wastes generated during ATG's and/or subcontractor activities should be disposed of as

directed by the SHSO.

11.3 WATERSAFETY

The following procedures shall be followed whenever working on a vessel or other floating
equipment:

• The vessel shall be operated by a qualified operator.

• The vessel shall be maintained in safe working order and shall be currently licensed in
California.

• Safe means of access and egress to the vessel shall be provided.

• The vessel shall conform to U.S. Coast Guard requirements for its use.

• The vessel shall be fitted with a U.S. Coast Guard approved 30 inch life ring with at least 90
feet of 600 pound capacity line.

• All individuals aboard the vessel must wear U.S. Coast Guard approved personal flotation
devices. These shall be inspected every week. Damaged PFDs shall not be used.

• The vessel operator shall review the man overboard procedure with all individuals aboard
before work begins.

• The vessel shall be fitted with a marine band VHF radio.

• Individuals shall stay clear of towing bridles or other lines under stress.

• Towing bridles shall be inspected weekly. Damaged equipment shall be taken out of service.

11.4 ACOUSTICIMAGINGSAFETY

The following procedures shall be followed when using the IKB Seistec Model B3 acoustic imaging
equipment:
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• Only individuals trained on this equipment shall operate it.

• The equipment shall be inspected by an LBNL Environmental Health and Safety electrical
engineer before use. A record of this inspection shall be kept on site.

• The equipment shall not be used until the appropriate grounding provisions have been made.

• The high voltage cable shall be marked with orange tape or equivalent.

• The location of the power cut off shall be reviewed with all applicable personnel before
acoustic imaging begins.

• Equipment power cables shall be routed to avoid any pinching or chafing. This shall be
inspected periodically during equipment use.

• Stress on the power cable shall be relieved through the use of suitable towing bridles or ropes.
Towing bridles and ropes shall be suitable for the load and shall be inspected weekly.
Damaged equipment will be tagged out of service.

• Only manufacturer trained personnel shall service this equipment or its power source. Neither
shall be repaired or services without the appropriate lock out and tag out procedures as
detailed in Section 12.6 of the BERC Health and Safety Plan (Program).

• The on board AC generator shall be fitted with ground fault interrupters and shall be
approved for use in wet locations.

• There will be no work on the Lagoon when waves are larger than 1.5 feet or when weather
conditions do not permit safe operation of the vessel.

11.5 RECORDKEEPING

The health and safety record keeping requirementsare an important component of UCB Health and
Safety Program and ATG's Health and Safety Program. The following list highlights the record
keeping requirements for BERC field staff and ATG's employees and site-specific activities. The
items will be retained by ATG for 30 years after each covered employee has ended employment with
BERC or ATG, respectively.

• Medical surveillance results for each of BERC's or ATG's employees

• Names, addresses, and phone numbers of examining and consulting physicians and clinics

• A copy of respirator fit test results

• A copy of training certificates for initial 40 hours of project work site training, SHSO
training, 8 hours of supervisor's health and safety training, 8 hours of annual refresher
training, CPR and first aid training, and any other training received

• A copy of employee CPR and Red Cross certificates

The following records will be retained by ATG for 30 years after close-out of delivery order 3 at a
BERC project work site managed by ATG:

• Copies of UCB's and ATG's Health and Safety Programs

• Records of site visits by ATG's employees and subcontractors

• A copy of pages from logbooks on field calibration of health and safety monitoring
equipment for air sampling and other field issues related to health and safety

• All health and safety survey reports

• Accident/incident reports

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study

Health & Safety Plan - Appendix C, Draft Final 16 February 1997



12. SANITATION

An adequate supply of potable drinking water shall be available at work sites outside designated
exclusion zones. Disposable drinking vessels shall be provided. These shall be neither shared nor re-
used.

The location of the nearest toilets shall be identified at the beginning of each days field activities.
Ample time shall be allowed to access these facilities as needed.
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TABLE 3-1

Sites 2 Contaminants
Alameda NAS

VOC 'Max. Conc. Min. Conc. Unit Depth(ft) of Max. Conc.
i

Acetone 3.1 J ND mg/L 10

Benzene 3.013 ND mg/L *

iChlorobenzene _.3 ND mg/L *

Chloroethane C).0032 0.0011 mg/L I*

1,3-Dichlorobenzene 0.9014 ND mg/L _*

1,4-Dichlorobenzene J.4 ND mg/L l 0

Ethylbenzene 0.0071 ND mg/kg 1

2,4-Dimethylphenol 0.0066 ND mg/L *

SVOC Max. Conc. Min. Conc. Unit Depth(ft) of Max. Conc.
i

Anthracene 0. l ND mg/kg l 0

1,2-Benzanthracene 2.5 ND mg/kg 0-0.5

Benzo(a)pyrene 5 IND mg/kg 0-0.5

Benz(e)acephenanthry lene 8,3 ND mg/kg C)-0.5

Benzo(g,h,i)perylene _,.8 ND mg/kg D-0.5

_' Benzo(k)fluoranthene 3.4 ND mg/kg 0-0.5

Bis(2-ethyihexyl)phthalate 1.5 ND mg/L 10

2-Chlorophenol 0.003 ND mg/L *

Chrysene 3.3 ND mg/kg 0-0.5

p-Cresol 0.0032 ND mg/L *

Dibenzofuran 0,47 0.0018 mg/L mg/kg 10

Dimethyl phthalate 3.47 ,ND mg/l., *

2,4-Dinitrotoluene 3.18 ND mg/kg 10

Fluorene 3.58 0.0012 mg/kg 10

'Fluroanthene 2.3 ND mg/kg 0-0.5

lndeno(1,2,3-cd)pyrene 2.8 ND mg/kg 0-0.5

2-Methylnaphthalene 2.1 ND mg/kg 10

Naphthalene 2.4 ND mg/kg 1

3-Nitroaniline ).0227 ND mg/L *

N-Nitrosodiphenylamine ZOO17 ND mg/L 0

Phenanthrene L6 D.073 mg/kg 1

Phenol 3.0089 qD mg/L *

Pyrene 2.7 ND mg/kg 0-0.5
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Pesticides Max. Conc. Min. Conc. Unit Depth(ft) of Max. Conc.

Aldrin 5. lE-05 ND mg/L *

Alpha-Chlordane 3.161J ND mg/kg 0

iAroclor- 1248 3.33 ND mg/kg 2

Aroclor- 1260 3.4 ND mg/kg 0-0.5

Chlordane D.0295 iND mg/kg l

DDD 0.0735 0.000004 mg/kg 2

DDE 0.0228 ND mg/kg 2

DDT O.019 ND mg/kg 0-0.5

Dieldrin 0.0186 0.00412 mg/kg 0

Heptachlor 0.0124J ND mg/kg D
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Figpre 3-3

' "rshle I

IIAZAIII)()IIS ANll '1(IXl(; P.IATI';II IA I._;

NAN AI.AMI,:IIA

__ (",mlmnimml ('hclnical & 5;.Ir(-cs & Symptoms
"_ ISyn, uDym) Physical Phy._i_'al Anlidp:ilcd Targcl nl

"" l_ ^ 5 N,nnlcrI l)c,_r!p,li-n l'.IITl!i!:s h_clunpalil_ililics Cun_:c,hali,.n Organs ,ExI_SUI'€
U'I I .

Accl,mc ('lcm. c.h|tlcs_ MW: 514.1)8 I lah_gen;,el,Is a.d ,S,Ic"1:2.1,7A,7(', Rcspifall_ly Skin. eyes. misc. andthroat
._. II)iniclhyl Kele_) liquid wilh _ liP: ._0"C ( 1.1.1"1:! ca.|)l.)U|.ls, stz.ng I I, & 12 syslcn0,skin, umaliaul;nausea, cyc da0nagc.

"_ lU!l] 12("O Iial_lanl MI': *Pi "(' {. 1.19"1;I hascs, f.'al|sliz's, cyc. ('NS vmniling,headat'hc.
[67 M-I I sWc¢l ,Jtk_'. Vl': 1141aim IIg _l.mg .xidi.,i.g .r I.s_ (Drc|m._ci.usness;

S.I: Misz'ihlc ;*l_Cnl_;.alnilll:S ;iml
o, I;1': •114"(" Ill "l:l ;inllnilni;i. ddc,hlc Maxilnunl {'lmccn-

O. 1.1!1.: 2 {l'Jt, anll (ilIIIINIIIIIII$ , ,_lr(llll_ II:llh_llal .l_ih::o
Ill!l.: I I I)'Jl, ;IL'ills(1:_11.%llllllli_:. ?A e_ i,11141Ill_/l{g

IP: 9 h') cV nil, il:. II_/(hlN:hh,il:). .Ilcnl('ne [',,I, wics_I,, lighl MW;" 7X.II " ' ( "hh,,inc. h,;,,inc ._il¢ 1.2,7A. 711.7(:. IIh_l. I_m¢ Initali.n of {:),{s. ni,se

('I_ IIG iyclll)w lilllli;I liP; 141)'C( 176 "P) wilh illlll; 511111i_ Hill. & I.] nl;llrllw. ICSl)ilallll_ j sy.Mcnl;

171-4}-21 willl all)lllalil: MP: 6"(" (42 "1;) .xhli/cls cycs, skin. i,eada_:l)c,nausea,dirtiness;

,_l,.)r. Vl': 7._nml IIg rcspiraloq lalign©, anmcxia;S_I: {I 07% syslcm, dcflnalilis; al)d.minal pain.

I;1': - I I"(" (- 12"1:1 Maximum ('im_'cn- ('NS. _ain. I,snc nla,,w, dCl,CSSiOn

co I.I:.I.: I .|'ll, llaliOll al Silo; i.cukc,lia
-,_ IIl.:l.: 7.1gl, 7A _ ],71Klug/L

I1': 925 cV

m rhhmd_nren¢ C_)l_)_lesslilpdd MW: I 12.56 51n|n£ ._idi/crs Site I. 2. & 4 Respirah|ry Incol|crcnce, inehrialinn.
II'll¢.yl tllll,ll{l¢| will| a nu)lhhall- liP: It r(" (27(1"1;i s),SlCln,cycs, al_huninal cramp, ca_,liac
("h 115("I like o,h_. MI': ,1.5"("i. 5li'I:I 51,iu.ll3sal aldlylimlia. ,:aeeliac_iiic51,

' I IIIX'I_I) 7l Vl': ') mm IIg ('avalics. liver, live, tirol I_idncy d;lllla{{c.
= .%-I: I11)._'_l, CNS

I:1': 2H'(' (N2"I:} M;ixinnnll C;dK'cn-
1.1!1.: I..1_1, Ilalilln al Silo:

o
a II1!1,: '1(,% :4 _. 3,2(1(!ug/tg
o I1'. 9.(17cV
::1 ' , ' ' '

t"hliw, lclhanc {'olmless MW: 64 52 ._lr,,ngoxidi/rrs. Sill: 2 & 5 Kcp_'i_luclivc Al_h.ninal cramp, vnmilinl_.

II-lhyl ('lllilitlcl (;as whh a ilr, mg liP: i 2 "C 156"1:1 All, aline illt'|;ll_ Ny51Clll.CNS. headache, cimgh, incll_iiam)n.
(:111 (:112('1 oiler likc i_h_r MI': -1.1'1"(, 1-2114"1:) I('V5. liver, m_._.,{dinali,u, diHie_ss.I
175-1N)-JI Vl': liNE)mm IIg Ikidncys.

S.I: l) h'];. .icsphalory
I;P: -51)"C1-31rl:) M,ximum f',ncen .syslc|||.

!1.1"1.: .1Xgt. €,ali(ul al 5ilc:

ill;J= 154'_1, 5 (_PI]liugll.
iP: Ill ')7 cV

t- ! e'_'l



Figure 3-3
(conti..ed)

-1-

('qmlaltlinanl , (l|cmk:ul & 5-.z_'cs & Syml)l_m_,;
_" ISyn, ulyi.) lq|ysk:al l'hysiL'al Anti_ipalcd Ta,lEcl ,)(

.. I('.A.S.Nuud_r I . l)¢s_'lil,l!im l'i,)l_e'ilics Int'i..l_alihililics ('i.l_cilIiali.m OiBans l_..xl_i)._lllC

_-.u'_(lll;_l;l(llrlll (leal. ['.hulcss MW: I Ic).]14 ._llllll_ has,is. :lll, ali ._il¢ 1.4,(,.14,& Ilia I.ivcr, ki,l.cys. Ilcadadlc. ii;lU_.C,'l,v,.nilinlt.
._" (l'i'idlhu;.llClllallC) liqnhl wilh Ill'; (il "(" | 142 "I;I inCl;lls, almllinum, llcarl, cycs. ili//illCSS; cyc aud
"_ (" II Cl.I plca._anl,sw¢©l IMP: (i.| "(" (. 14.1"l;I IIl;l_llC_iilllll, _l,a,,g skin. (:'N._. _,kin iJHlalillll; (IcIIIlalilis.

= I(a (_ .ll ,.I,_. Yl': I.'i') mm IIg .xidilclS. ('llllhlxhlll. cnlalgcd liver.
__ SIll; ll.5% by wbl _25"(:
o_

0 I:l': NIA Maximum ('.m:cn-
l l!l.: NIA ll:llillJl ;II ._ili::

Illil.: NIA Ilia (e $2 ug/I.
If': l I.,12 cV

{"hl0_a..clhan¢ ('_d,_lcss gas with MW: 511_" 511,)nl_a,_idi.'crs, 5itc I I.uags.'kidncys, i.ilali.n (If eyes, skin.

IMclhyl (hI.Jide) laiall n_,'l.'¢lINI,Jl Ill': -2,1"(" I" 12"l:) galwmi/_:d i..l livcc, hcaJI. ('NS. UIU(',.IS in¢llJl_lallcs, o,plx'f
(" I I I ( "1 Ml': -'17"(" I- 1,111:) IIcl.ldm.'livc sys. ICSpilal,lly II;ICl. dizlyucss,
17.l 147.11 Vl': .5;llln hcada(hc, c;mf,lsi.ll,

,l_l,l: (1.5';_, W¢'I[IICSS, n;ousca,wmliling.
I:I': NA _lalilllUlll (',lfll_Cfl- ll'l;llll)l_, allll IICIY,IJISI)(_S_

I.I:.I.: 14l'l, laaliml al _ilc:

,'_ I I1':1.: I 1 4% I _ ._nl_ll.
'._ II': 11.214cV

I.'2+l)il_mlmmlllanc Ilcavy.¢.hxlcss Io hlW: IX'TX Alkali Iliclals, 5ilc ?A I.ivct, kid.cy._, lh.ni.g sensali,m;

w (l!lhyl¢l.: Ililm,00iitk:l Ix,_wl. liq.id wilh Ill': I II "(_ (2GIl'l:l .xidi_mg ;lltl;lll_, I.ungs,eyes, u,.,l,'hi.g; whcezinlg;
Ill ('If2 ('ll2 lh swccl ,.l_l Ml': Ill "(_(511"l:l :,hilllhilllll. lll;ll_llCSilllll. IC._llif;llllly _ys. I.. y.l_itis; sl.ul.css .(

P- I llN) g.l .ll lot s,)li,l I_ch)w Vl': I 1.7 lluu lilt @25"(: ,ll:ly lIL'L'ilJllllll_l_ I'II IClu,xhl_:liv¢ sy$. hl_ijIIl; Sllllln,)ll:llCl_:

111 $li "l:l ._,)l: 11.Ill% ¢Xl_.+Ul¢ IF,hl_hl _iill hc:,l+,t'hc; nausea;
I:P: NA Maximum ('i)m.'cn- v-mili.l,.; l',lislclmlt wilh

,,,s
o .l;.l.: NA ll;llillll 'II ,I_IIC: n_,ill U',IIII;II.I.

lll'_l.: NA 7A (a' 14 ug/klt
:3 Ill': '145 cV

I_ I.l-I)ichh_r, Rlhan_ ('.h.lcss liquid i_iW: 'JKg7 " ' Slm.g €,xidi.-crs. Site 4.5.5.14.').111A. I.ivcr.kidncy"s. 5kin irrilali.n: _NS

II!lhylid_nc ('hl.l'idlc) wills a liP: 57"C ( 1.13"P) L'ausliL's._l.mg alkalis I 1.16. & 19 ski.. lunlts.CN5. IJcprcssi.n; livcr ando
_ CliCI2 _li.l dolmohm-like MP: -97"C t-14) "P) kid.cy damalt¢;

175-34-.11 ,_I,_. VI': 1142n.. llg dl,)wsillcss, hiss of

S,)I: II.(_(l'JI, l:l)flSCi,lUSllCSS);

I:1': - 17"(: (2 "!;! Maximum f';,x:¢n-
I.H.: 5'| ',I_, (l:llillfl al 5ii¢:

I II'_I." 11.4% .5 _' .]$II u[_ll.
I1'; I I.IK_cV

( ( .,, (
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Fig.re 3-3
(co.tin.ed)

.r,
('onlaminanl , (l,cmif:al & 5.mL'cs & SynzpIoms

"_" ISymmym) I_hys_al I'hy.'_ital A .li*.'il_;flcd Targel _,(

.-._ leAS. Hul!dlet{ I.)¢_cfilNi_m I'e.l,qc,lies....... Im:ompalihililics C.n,.enl.ra!i.n _ Orleans EXl._sure

1.2-1)i,:hh,c,,_rlhaB_ (",d,.I,:_s oily liquid MW: '_X'_(, ()xidisin{! apt.Is. 5i1,:7(, I.iver. kiJ.cys. Inilali.n of
._.. II:Ihylc,c I)idd,.idc) wills ddmohm. Ill': HI "(_(IN2"l:) ;d.mil,.m. t';itl.'.,lics, cy--, ski., ('HS. eyes.._kin, and

("l('it2('112('l like;,,l,,_r MI*: -15"(:(-Il"l:! li,l.{,lamm,mi;t (:V_. tC_l,i,almy

_" { III7.(K,-ZI VI': 64 mm IIg syslcm;(:NS

S_,l: (I 9% d,:pIcssi, m;
O I:l': I.| "C (5(D*|;| MaWLiIIiIIIBI("m_C,- .mist,. htmlm'he.
*_ IJ£l.: 6.2% II_dhmal Site: v,..iling; damal.e
O

Ill!l.: 16(1% 7A L_ 7.26 ul_/kl{ m live€, kidneys

It': I i.lI5 eV{,l'-Dithh)ro¢ll_ne I.iquid wilh mild. MW: 90.95 Oxidizing a[_enls,air Silt 1,4.5.8.9. II)A, Liver. kidneys, Inrilaling Io eyes, respiratnry

I Vinyklcnc t_hhwide) sweetchl,[I,ro(mm liP: ]2 'C IHg'F) SCllSilivc. illu,iSllife I l. & {4 ca;diovas,lar syslem, a.d skin; damage
(:2 112('12 liket,d., MP: -123 "C (" 18')'1:) s,:,sitivc. _:.lbl,_:t. system, gaslro- I,, kid.eys a,ld liver.
175..15-1I VP: SIN) IiiIn Ill' :,h,,,i.,,.,am{ their mlcslhtal.

N,,I: IIIII'X. ;,lh,y+.l'_:m,,i,l,:.'* hh.,d,l_HS.

FP: l'_"(;(-_)"{:) M'.xhlmm C,IIK'Cn+ l¢.._piealmy sys
I.l'Jl.: 65'N, Ifali,.I al Nile:

II1'i1.: 15.5')1, 5 (e' 35(lul_ll.

, . , lie I(I INIcV
1.2.i)k:hhwrt_dlen¢ }{L'.,lt,,rlmlicplid MW: 07 It 5lrtm¢ ttxi, liz_rs, Site 4.5.6.711.#.12.13. I.iver. kidneys. Inilali.n of eyes, skit,, and

w IA_:elyle.e I)icltk,_idlcl 'with an tiller- liP: 4K6(I'C (I 18-140 "1;) ha..,cs 16. & 19 cyes,(?NS. ,¢Sl,i,ahtry system; .a;,:oli,:
I';l(Jll=(,I I(Jl 'like _{id cv.Jcwr. J_{P: -4') hi -R2"_ iCSliil;ll$_y sys. _:lh:L'l;_NS ,l¢l,ecssi*)ll

_" 1341)-5'JIll 1-50 Io -115 "F)
"< VP: II{I) 26_ mm lip

S,)I: ll.4'X,,

I;1': 2-4"C (36-.4') "1:) Maximum C,mcen-

I.I';I.:5 f,'W. Ieali.ntitSilt: l

" IIl£1.: 12.8"A, _ _ I(,(Intg/kg I
I1': 'J 65 cV I

1.2-1)k:hkmNxtN_m¢ (-"l_less liq.kl MW: I 12'.PI I')xklizing apet_lS, Silt IlIA I.ivef, kidneys. Iniialinn ofeyes.skin, and

Ilk:hk.idiel will, dekmd,mn III';97 "(J (2(16"1;) m.'id,,,.I);iscs, hearl,hh.vJ, respi,nlory syslem; CNSI I'l;_pylene
5 l'll] CII(:I CII2CI like od*_r MP: - IIll "_ (14*J'P) ;thmlinmn and ils CNS. eyes, skin. ,lel);essi,m; nausca,headache:.

t"{ 17fI-H7-_l VI': 40 mm II{_ _e 2(1"(".. :alh,ys tesl,iral,,,y sys. v.milillg; damageI.
N,,I: It,Ill% liw,, ki,i.cys

l:I': 20 "(" MIxiIIIIIIIB_€)t_efl-

I.I:.I.:.l.,lll'l, ItalI¢Ill;11._ill_:

IIH.: 14._II% Iliale_I.'I"I_II.

II': III141,_:V



Figure 3-3
(co.tin,ed)

__ Ctmlaminanl , ("hcmical& 5,,,zoos & Sytnlllmns

::r |Synonym) Physical l'hysical Anli¢il,.'llc,I Tarllel _ll'

o. iC.'I,S. N.,nl_fJ I)cscrilHi,m I'e!ll_CVlics In_:nmpal!!_!!!lies' . C.m.e,lfali,m (_gans . . EXl__!_sur¢
I/I
P.L 2'41)i'_lhyll)hcmll ('11111tlessliquid MW: 122 Iqv Ilascs. add thl, llidL:s, Sile 1.2,.'f.7C. & 16 Skin, eyes, l)eslr,dive hi liss.e of _kin.
IFI

._" (Xllcn,,ll liP: 211 "(_ ;.'id ;mhydeidcs. fespiral.ry cycs. and Icspival,_fy tl;It:l;

"_ ('1t II1(! () MI_: 21t"(T .,Ihli..ml., ;q_c.ls. _,ysicln. bmnhlg scnsalh)n; i:,lughing;
I I I.IIHI 71('l yl': L',_.,,k's .sli:d, Iw:lss, wh¢c,_ing; lalyngilis..,.I..I

_, Sol: Slightly L'til_lN:l._:.l)l_:e alhlys, hess.| I)lealh; hcadal:hc;
O I:1': Maximnm Cp.lll_en. n;lll._e,1;v.miling.
9 1.1".'1.: Ilali,)fl ;11Sill::
o

II1:'1.: I1')_' I,illO ug/kg
_o I1':

Mcth)'lene ('hh.ide (,,dGelessI.iqnid MW: 8494 S1[,111_ (Ixklitcrs, ('allstic.q;.Site 4, II)ll. & I] Skin. CNS. eyes. Illeadadl¢; nailSea; Y,illlilin_:
I I)idlhlltilllelllan¢l with a dlh.,;fmm- liP: 4it "C( 1(14"1;1 ul,Clllil_ally ;I_.'IiVC nl¢l:lis iealliillvasl:lllal dizzyness; n,'ll_llSiS; hlw

(" 112('12 likc ¢Nhll MI': 9._ "C 1-1.11)'1:) Sll[h il_ ;llUlninllnl. sySlelll, hh..I pfessuic: Sll(f01c.llion;

175 It}21 VI': ]_lt Ililll IIg nlill_llCSillnl, IIl,til_;_illlll. (TNS dg.ess,m; seve_c

.%,11; 2';{, ;in,I Ml, lillln. 1iiil_l:llllill_,l ic,%llililll|ly illil;lli, lll_.._kill.

I;1': NIA ,.IH_; ill;iLl Mlllinlllnl ('llfl[(:ll- I:)/I._illil;llillll; II_:llllalili'_.

I lil.: I t'_, Ililli,ln i,I Sill:; Ll)lnc;11 ,li1111;1_1:

,., II1"1.: 2!';I. IIIll (," I.Kllll ul_lkg
-_ I1'; 11.]2cV

Methyl F.lhyl KcI.nc Flamnl0hle clear MW: 72 I slrcmgiixidiling aecnls, kite 1.4.1]. & 14 Eye. skin. ('NS, (h,lwsincss; ierilalinn'_)f

w 12 Ilutaln,l) cldmiess liquid with liP: 79 "C( 175"F1 slfOllghases, callslics, leSpilalUPj sys. lesl,il-al,,ry Ilad; h)ssi1|
_-, CII} (:O CIIZ CII] frallralll mini-like MP: -1t6"_ I- 123"F) minclal acids, amines, ui.lshmsncss; (l¢lmalilis;

'_ 171_93 11 ,_im Vii; "/1_illnl IIg illllllllllli;I, li;ll, t!_CllS IlilllSCa;V,llllJlillg; he;rJadl¢l;E

Ill ._-h 28% IlizlyllCSS,
= I:1': -9"ClIO'1:) _,-|3lilllllm Cim¢cn-

I.I:'L: I 491,_ 9]'F leali,letal Silc:

IJEI.: 11.4% (_ 9,1"F I _ 36 ug/I.
" I1': 9.54 eV

I; ,l_Mtlhyl.2 i_.nlanon_ !(",,h,,les,liqllid, MW: lINt If1 Oxidiling ;tide,is, Site 717. ('HS. liver, eyes, Inil-',lilm iif eyes.po
II._q_lqlylacelmlC) iwilh a idcsam i_k_r liP: 117 "(_(242"1:) ted.ring agcnls, kidneys, ._khl. sLhl, ic_lliratllry system.

' IIIcxm_') MP: -1t4"C"(-1211"1:1 sll.ng hasc_, iCSl)ilah.y sys. ilmi.:,nlsnlcnlblanes;
o= CII3 CO ('112 CII ICII3)2 VP: I_ mm IIg (_ 20 "C headaches;ilall:osis; coma;
::1

;11118.10-II S_d: 1.91% dctmalilis
_1;1': IH "C(M "I:) Maximum Con!.'cn-
1.1'_1.: 12(1% Ilali,ln al Site:

I I1!1.: K110% 7(T _ 72 I,l_/l_l_
I1': 'l.I i:V
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Figure 3-3
(co.ti.ued)

,,i,-

___ Omlaminan! , ChemiL'al & Suur_-cs& 5),mpl.ms
:7 (Sylmnym) Physical I'hysiL:al Anlidpalcd Targc! of

IC.A.5. Nuo|d_rl !)cietil.,litm I'#ttJcelics _ Im:a)ml)alil,ililics C_m¢cnllalhm Olgaus P.spsur©

r, ducnc i(',dollcss liquid MW: 92 Slnmg ,ixidi/crs .Silc I,.'IA.5,7A.7(7, Skin. liver. ,l)crmalilis; weakness;
,3 I t,ielhyl hcnzcncl _wilh an II}l': I I I "C 1231 "F) X.9.101LI ]. 14, IG, kidneys. Ifaliguc: dizziness; euph_wi_;

"__ ('6 115('11] swccl imngcnl ,Nlof MP: -'J5"(: (-I.19 "1:1 & 19 ('N5. eyes. dilalcdpupils: ph.l.ld.dfi_t;
I IIIH-Hn-.1J VP: 21 uu. I1[_ [cspirai.ry sys. eyeand nose inilali, m;

_ Sol: 11.1}7'_ insolunca
o,
O I:P: 4"U (4(} "F) Maaimmn Cun,:cn-
9 I.l':l.: 1.1% I,:llion al Silc;o

{ll'_l.: 7.1fJ(, 7C (e_39 mglkg

_., I1'; 8.82 cVI.l,I-Tri,:hhmlclhane C'nlmlcs._liquid _iW: I]:141 S}mng eaus}iq:s. Sile 4,3,R.& Ig Skin. (TNS. P.yeinilalion; dermalilis:

IM¢lhyl I;llliN'll|lU,llo TCA) will, a milJ liP: 74 "C 1165"1:) 511_111€.xidizcr_, eyes,canlh)- hca,la_:hc;iassill,(ic; CNS

CII.I CCI.! ,:hh.,dun.-lik© MP: -31 "C 1-23"F) dlc0uically .'.:live vam:ular dcpgcssion i.cgulat hcafll,ca!
171-55-61 ,_Je. VP: lliO imu llg llldals (ahulliumn, syS|Clll0liver.

•_tl1: |) 4'ill lll_ll_lºl:Silillll.twdcr.
FI': NIA s,mlium, imdassium). Maiimum.('.n_cn-
I+EI.: 7.5% II_lilll, :11Silo:

UI':L: 12.591, 5 @ 1,70(I mg/Iklt
oo II': I 1.01)©V

'rriehhm_elhylcnc Colml©ss liquid _,_W: ill ' Slmng ¢auslics: ._ile 1,4,3.6.7C.A. Skin. eyes, hTila}innof eyes; vmnillinp.;

m "hidlhmlclhcl0€. TCF.) wilh u Iwc=} liP: 87 "C 11119"P) whc. addle. Icacls II}A,I 1,16, & 19 respilalnry dcrmalilis; headache;
CICII=CCI2 ,_hNrlike KiP: -73 "C (-99"FI willt almui.mn; sySlcln, vcltigo; Idmrcd vision; nausea;

179-111-+,1 chkml|mm. VP. _H lillll IIg dicmicaliy aclivc hcail, liver, trcu,us; I.ss ul/ccling in
"< 5,_1: I).14+X, mclalslharium, iddncys, cslicmilics;skin inilalion;

FP: NA lill, imll, s,NJiUl¢l, Maximum Cim_en- skin, CNS. i_iddyness.
I.I+I.: II.I}')I, lll_fll._siull,, llalilU, at Silo:

1}I"I.: 11}591, lilauim.l. 5 @ 111}ong/kll
:_ I1': 9,45 cV

IG Vinyl Chhwidic I(",_ldcxs gas. IMW: 623 ('upper. oxidi/inL_ Site 1.4.5.6.'/11.R, I.Iver, M,md. Weakness;ah_hmdnalpain::m
}('liGuoclhylcncl liP: .14 "C (?'FI malc[ials. & I I rcspiralt_ gaslmmlcslinalbleeding;

O

_. C'II2=C'IICI MI': -IfA}'C. 1-236 "Pl syslclll. _alhxm blucnclsof
o 175-1}1-41 VP: 3..1aim CNS, cxllC,l,ilie$.

S.l: I}.1% lyeeq_ha}ic
FI': HA Maximum C, mccn- sySIClI,.
1.1'_1.:J.t'_l% Ilalilm al Site:

I}EL: ]).IN}"_, 5 @ 20 nig/kg
IP: 9._)5 cV
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Figure 3-3
(continued)

"!"

('_mlalmnan! , Chcmical & 5m.ccs & Symptoms

:7 iSymmyml Physk:nl Pllysk'al Amicipatcd Targcl tDf
_. IC.A.S. NuN_rl I._s,:ripti,m I',!,l_mCs Im:mnpalihililics C, mccimatilm OIgans EXl_)surc

Xylcnc (".lotlcss li,l.hl MV_/: II)fi 5tr.ng .xidi,,crs -Sitc I,.I,5.6,7A.711, I:.ycs,skin. Eyes. n.sc and

._ ('h 114(CII])2 wilh an liP; I.I.I'C (292 "1:) .MIIIII_ ,l_ids 7C.X.9.1(III.I.I. 14. gaslrt)- Ihllial Jlltlalia)ll; nausca;
_"_ 1'1547-hl i,-Xylcne ailJllialic ixkNr. MP: -4H h, .* 12"(" & 19 inlcslinal JCllU:llilis; _:mn,'al Icsi.ns;

I IIIK-.IH..I I m-Xylctte (-.'_.lI,, .,."i(,"1:! 'll;k.'l.bh,_l, di/zincss; iN_)r C,lt,illh, h,n;
I Illh .12..1Jp-Xyh:ttc VP: 7 ttttn IIg _ 2(I "C liver. (:NS. aml;cxia; vmmling;

0 ._.I: II I12'_, M;Iximtlnl (',_t_cn. kidi_ys. ,llNhmlin:ll itaill; cxcilClnclll.
ra

I;l': 27 ]2 "C(KI 'Hl'l:l It;lli¢)l1:11Site: ,¢slmal_ry sys.

I.I;.I.: I-I.1% 7('; (,_hQ7ttl_/k_
IIL;I.: 6-7%

I1': H44-R56eV I

.,..,
t
.o

.3

0

o
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Figure 3-3
(continued)

, Tnhle I

IIAZAIIII(IIIS ANll "l(IXl(: MA'rI,_IIIA I._

NAS AI.AAII':IIA

-r (_'lml-',nlinanl ("hemit'ol & S.m_'cs & Symplom_
E ISymmym) pllylicll I'hysical Ami,:ipalcd Tafg¢l ,if
:7

,. I('A S. N.,,,l,clI !_:s_:oildi-n I'a!q_o!ics Im:,m)l_ihililics C*ml:cllllali;m Ol[a.s I_.xl_lSllr¢
,'. Aellhla_-ln¢ Off-whilc I,,pale IMP/: 171124 Slla)Iog._i,li.'i._, 'Site 1,2.4,5,6.7A.7c, "N;mc l)te,_l lloay illilalc eyes,
t/'t

_, ('14 IIIll l,ccn ycllow liP: 342 "C"16411"FI :q_c.ls, IImHi.c. X._/.I1,12,1],IG m,sl. Ihr.al. or lu.gs
,_ _iyslals wilh MI': 214 "C (417 "1;! & 19
"_ bluish ilomlncenc¢ VI': NIA
_I S.I: l.s.l

-- FIL 121 "C 12511"P) Mazimum C'oncln-

O I.I!I.: l)(dlg(, l,alion al Sill:
IIEI.: NIA U @ 37 IIIg/kg

IP:

1,2-1)¢nlanlhrKlnc I.ighl vclk}wlo MW: 2211211 iSlltml_ iixi,li_cf._ Sill 1,2,4.3.t',,TA.?ll, Kidney, melcL Folal; inilalilmI lien,,, qa)anll, a,:ce_€) lan i_lwdcr, liP: 4 IX "U !II211"F) 7(;.11.9.1I,I 2,1.1. hladdlr.._t,in

(TIIIIII2 MP: I.'i7-1.'ig"(_(l13-.llH'F) 16,& 19 a.d:qqK:nd:gls
36-55-.11 Vl':

W S.I: Ins.l
H': M;Ixi,,,,ll ('_m4:cn-
I.EI.: llaliml al Sill:

W UI:'I." I _ $7 mg/kll
!I ,IP:

n_ Ilenn_laipyienc Ycihew green MP/: Oxidi/c( agr.anls. Sill 1,2,4,3,G,TA,?II. Skin, hmgs. Inilalicm ,_€cycs aml ._Kin.
,II1¢m,,_4d.c,I I(hlysln¢ ) _,wdcr. liP: 493 "(."1923"1:) 7(;,H,9.11IA.I I.I 2,

' C2I11112 h,ll': 1"/7-1811.(T 1351"]56"F) ; I].16, & 19

= I;P: Maeinmm C, mc©n-

1.1!1.: Ilalicm ,'11Sill:
_. III!I." I P III mi_/l.g

I1':
6 Ilcntlcla_'ClAlnamhrykne OffZwlfilc fil_cr. MW: Sleoeg ._idi/c,s. Sill I,Z.4..S,6,TA,711, I.cml_s,tl.eax; Iniiali.n=

lllc,z,(hlllm,ia,ll_llc/ III°: 7('.K.'P.l 1,12,1.l kid.cy, mclcr.
•_ Ivll': IG]-165 "C 1325-.129"F) lb, & 19 hl;.hlct; sl,ial.

9 Vl': _ippcmlag='s
S.I:

il:l': 'Mlllilnum C._cn-

I.lil.: Ilalim_ al _ilc:

IPl!l,: (,_59 mk/kg
II':



Figprc3-3
(co.ti.,ed)

•I- (';mlaonin;inl , (11Cl.iC,'ll & S.m¢cs & 5yllqmnllq;

__. (5ymmym) Physical l'hysk'al h.lidpalcd Targ¢l .f

=r it AS.Nu.d,c,I l_sL'[iplion l',ul)citics l._.'!.npalil,ililics ('.nccnllali.n ()_Eans EXl_,Sus¢
Itcnzt_([Lh.i)l_,ylc.c Ycll.w " MW: Str..g .xidilcls 5itc 1,2,4.5.(_,7A.71t. l.ilali...f cycs,

L'ry,;t:tllinc Ill': >._(X)"C.(g)2"F) 7C, lllh.I I.I 2,1.1, skin
n xlwJc_. MI': 277-27g "C 15]1-5)4"F) 16. & Ig
,<:
"v VI':
_" _-I: Maximm. (:qmc©n-

I:I': ll;di.n al Sill::

o, 1.1":1.: I (.q'X2 mg/kg
O_ II:.I.:
o

IP:

_o llclll;_Ikllhlinanll_nc Yclhlw rlowllcf. Mw: Stlillll_ .xiditcls 5ilc 1,2,4,3.6,7A.711. l.llll_S, llx.ax Inilali.n (if cycs and skin,
liP: 7('.X.'), IlIA, I I, 12.
Ell': 215-217 "("(41,1-42.ri:1 I 1.16. & ill

Vl':
_.1:

I;P: M.lximnlll (:1,11c¢11-
1.1_1.: Ii;llil)ll ;11_ilc:

I II_I.: I (_P5(i III_II,_

-- I1':

llc./.ic a_id MW: 122.12 51t,l.l: .xiditcfs, 5ilc 7A None Inilai.n .f cycs. skin. muvo.s
(:7 116()2 liP: 24g "("(4HO "I;1 ;ilkalics. ._cmhla.cs,

165.B5-lI l MI': 122 "(7(252 "1;)
Vl': < I ,,, Ilg

.%.1: Slii_hlm
I:I': 121 "(: (2511"I:) M;isilnull! (',)m:cn-

"_ I.H.: NIA Ilaiiilil ;II Silo:o:3

Ill!l.: NIA 7A (g) IX 4 uglkg
" I1':

Ilis(Z-dll,_.isi,_'(_y)€lhcr MW: Silo I.IIIA.& 12
III':

MI':
6 VP:
= S.I:r)
_ I;I': Maxiqmm (',)m:cn-
_t I.I;.I.: ll;ili;m at 5ilc:

II1:.1.: Ilia (# 31 ug/L
I1':

( (
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Fig.re 3-3
(continued)

:I: (".nlaminanl , Chemk'al& Somces& Syml,l(u.s
n
f:L (Symmym) I_ysknl I'hysi_:al Anti,.:il)atcd Taqlcl .1

_r {C.A.$. NUllll_fI Dc_cdplhm l'e,l_ltics hl_.'Oll|palihilitics Con(:cnllalion Olgans EXl_)Sme
Ilis!2.ethylhexyllldmthalale lighl cohwed.ily MW: .'I(NL_4 O.idi,i._ :l_cnls. Site1.2.4,5,7A,H. tl.ivel, gaslm- Initation.f eycs,skin
C24 11.1804 aim.st,.k.icss II1': .'1R4"C172.1"1;) IOA.I 1.12.16.& 19 ,inlc:'qinal ,c.,,i)ilal,_ysyslcm

,_ I III7-KI-71 liquid MI_': -30"(".(-.5K'1:)
"_ Vl':

S.I:
FI': 207"C(405"FI ;MaximumC.nccn-

o, 1.1!1.:O311% ,llali,)nal Site:

O II1._1.: 4 @'22ml_/kg

I1":
('allNmdisnlfiJe coh_iexsh)faintly MW: 76 14 Sirenr tlxidi_,cfs, _iie 4.7A, & H (":NS.PNS. :htitalinnu,fskin,eyes.
(?$2 ycllowliquidwilh a lIP: 4_"("l 113"I:1 a/ides./inc, eyes.skin. llllll.:ousnlcl,l,anes; head-
175-13-OI qmngdisalPeeaMc MI': -112"C1-170"1:) ah,,nimml,s_'.li.m live,, ca,dio- adie. nausea,v,m.iling,

iN.kNr Vl): .tiN| finn 1Ig II_lals. I_dassi.m v_scular dizziness, gaslloinleslinal

S-I: .2'14'Ji,_ 20"C metals,amines, syslem, iuilalinn;dislmbancc.(
I:1': -:'ill"C"(-22 "1;1 ,)xhlcsI)1nillOgcn. MaximumCam:on- kidneys, t.:anli:pdlylhm.
I.I':L: I0(1% metals, dd(,incs. IlalionatSale: lel)eod.clivesys.

'." ;[IEI.: 3OIN)91, Iluc_,dnc.hyl)o4.'hl,m-ile "/A (0 130ug/lkg
,'3 [!I': l||0x cV

2 ChhNra¢lhylI:.ll_lr €';T,Imlessclear MW: I.I] 112 Oxidizingal:cnls. Silc1,3.I11A.& 12 Gaslm- inilalinl_Inskin,eyes.
m (llisl2-dd.eeNcll_,ylk'll_rl liquidwithlll,.ngcnl Ill': 17H"("1.1132"1:) mlcslinal. ,.uL;,nlsmetal.ant;
9 (.:4118(:12O i_d,_r _.IP: -3t)"(..:(-3H'I:) Sensei.gans diardDea

VP: 4 f;Ifnllg @ 2I)'Cn
"< S.l: Insol

FI': 54"(: ( 12_rl;) Maxinmnl(:;.iccn-
o i.l:.l,: Ilalillll at sale:

111!1.: IlIA _t K6ug/I.
= IP;

4-(:llk_l..J-nl_lhylpl_m_l Whilecryslals MW: 142.S Ila._s.m.'idchh)ridcs. Site1.7A.& 9 P.yes. I.itallnn t_feyes.skin.
14.('hlm.,-m-Cses-I) witliPhcm_lh;OdiN' Ill': 2.t5"C (433"1:1 ,'v,.'idanhydddcs, lesl)ifalt_rysyslenl; Ilcnx_l's;
(:7 117CI0 MI': 65.61l "C1149-1S4"F) nsklizingagents, somm_lcm:e;coma

o" 1_9-311-71 VP: c_.._dcssled.
r_ '.'i.l: 4 gm/I I.ass,c,'pl.:;and
•_ I:1": Cnpl_,all.ys. Maximum(?._mcen-

1.1!1.: Ilalion atSite:
IIl':l.: ') _ 4.1uglkg
I1':



Fig.re 3-3
(contin.ed)

2: ("mllamiflanl , ('llc111k-al& ,_.m_cs & Syml_llmjs

(Syn.nylll) I'.ys_al I'hysit';d Anlk'ipalcd Targcl .f

I,(::A.5.H;!mlzvL l)csL:lipli.n l'i!,llCilics Inc,_mpalihililics (',mLc.l,alh)n Oil_,ins Ex|N.!surc
2 Chl.t.ldlC.;d rol;.Icss liquid MW: 12X 5 " AL'id('hl.liJcs. 'Silc 2 & 7A I.ivc,, ki;]ilcys r)cslmdiv¢ I. {issnc (ll"ski,i,

l(.'hlqNLq)hcmd! liP: valics ;.:id .'ilihydlidcs, cycs and ICSl)ifallJlyll'ad
I '

- ('(I 115CI 0 MI': .xidi/ing ;l_l:lllS. |)Ulllillg s¢flsaliq)ll;

VI': v.ughing; whcc/ing;
= 5.1: laeyngilis: slmrmcssof
_ FI': 6.'1"C I.calh; hcad.'idlc; nausea;0,

0 I.F.I.: Maxiln.m C.m:cn- VOlliiling
IIEI.: ti:lli.n at Site:

IP: 2 (P_3 uglL

Chryscne While s;llid IMw: 221]2H ISIr,.ig .xhlilcrs _ilc 1,2,4,5.6.7A,711. Skin. Inilalmn

'( Ilcn.u,_ialphcnanlhlc.cI liP: 4,18"(" (H)H'F) 7{".X.9,I I).A.I I, 12. ;_pl_mlaL_cs.
('IX 1112 MP: 252-254 "('(,IH6-4Hg"/:I I;I.14,1h. & 19

121XIII')l VI': Ncl_ligihl¢

I:P: N/A Maximum Con(:cn-

I.F.Io: lialmn at Silc:
,'_ UI:.I.: I (.? 72 mg/],g

IP:

m 1.2:5,6 i)il_n_anll,rat-cnc I.iglll-y,dl.w _,iW: 27X .'UI ,_lr,,,,p Oxi,lizing agents .(;ilc 1,5.X.(},I i,12, I.ivcr. hings, Irritali,,n

_- II)ll_llll,allllll;ll:Cilc) _.-ry.,,i;dlmcix)wdcr liP: 52,1"C (975"F) & 16 kid.cys,mclcr,
_ ('22 1114 MI': 2(_h"C (51 rF) hlaJdcr, skill,

m 15}-'/f) .1l Vl': _lppcndagcs
S.l: Ins.I

I;I': Maximum Conccn-=
I.I:.I.: llali_)n al Silc:

l; IIH.: I (.m21 nii_l_g
;_ IP:

I)il_nz.)h,a, While ('ryslallinc MW: i6B 51rlmg ,xidizcfs Silo 2.4. & 5 hrilali;mo
;] CI2 IIX () I',)w,lcr liP: 2X5 "C 1543"1;)

o MI': X].NS"(:(INI-II}5"I;)=1

t_ Vl':

"4 I;P: Malimum (:iln;:cn-
1.1!1.: II;lli_ll1:11Silo:

/lil.: 2 (n_,171)lll_lk_
I1':

( l),,in( ,11nf 17 (
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Figure 3-3
(co,ti,ued)

:z: ("qmlamin:ml , 11_111i_:11& ._.111t'es& 5ylIIIm.U_

ISyn.nylu) I'hysi_al I'hy._ical Aulidlmtcd TarR,'f .I
=_ ICA5 Nul111_rI I)c+qipli_m I'l,)l.,ClliCs , !ncm11palihifilics Cunl:cnlraliun OIgans I_xl)l)SlllC

I)ilmlyl Idllhalal¢ rl)hN,€.ss (lily ,MW: 2"/8} ()xidi/iug ;igrl,l_, ._ill: 1,7C,X.II111,12, Kindcys. ('NS. Irrilaliun,lf ¢ycs,

II)i.11.hulylldllhulale) luplid wilh a slil_lll '111': 340 "C (M4"F) ;idJ_, ilill,ll¢_;,Ihlllid It,. & Ic) lilClcl', bladder, IllUL:(HISlU¢iuhrancs,
- I{'GII41('O01_4119)2 aluOualiciNJ_Nr MP: -_I._'(_(-]I'F) dlhbiin_.uilualcs, gaslroinle,_linal 11ppcrrcspi/aloly

I

"_ 1114-74-21 VI': I) INXN)7111111IIg alkalis eyes.male I111_11nausea;v.miling;
Sul: II.IHJl'JI, !lClXOdudive ,liz/incss; hcadadic;

FI': 1ST(: (}13"P) Maximum (_lmccn- isyslc111, Ilalhldnacion._
o, I.I.;I.: I147_, Ilalitm al 5ilc: !rcspii'alol'ysy_.

0 IJl'.'l.: HA I _) I.I 111t:/I,g

I1': NA

_o 1.2-i)k'llh/.l_nlceMe {'ldlWlcss Iii MW: 1,17111 ._11-1111_.xi,iipc,s; Silc 1.4, & 7A ('N$, liver, I'.'ye,._kin.and respirall#y.o
,_q Io I)il;llhlllll_:ll/l:ll_) III111:yclluw liP: I)11)"(" (.]57"1:) ahtlllmUnl ur t,idney._,Idmd. Ila_l illil;11i11111hlL_lclS;

('l1114 ('12 liquill wilh a MI': -17 "(TI I'1:) ilhllllillllnl all.ys; eyes. sl_ill, liver and kJdllCy
I')J-._ll- I I ,llc_,Salll Vii: I. _l III1|1IIg scnsilivc I. lil_lll. Icspirillllly Sys. tl:llll;l_C; (_NS dcpl'cssi(m

illltllallC odiN'. .NtII: 0 O! I% [hi,lhh:_. ;_:hl_;

I:P f_b'(" I I J I "1_1 Maximlml COll¢€fl-

1.1!1.: 2211% Ii;llillll _il ._ilc:

Ill-L: ') 2i)')l, 7A (-_ 421| llgP_g
I1': 'Jim cV

I.;I-I)idlk_r,_nx¢l_ Cuhwlcss litiuid MW: 147.0 ._lmn_ ,ixklizct._: 5iic 2.5.16, & I'1 liver. Iddll_y and I':yc, skin, ,_ndrcspiralmy
m Inl.I)idllullA_cntCllCl liP: I"/2.{. (]42"F) :llUllllnUlll u[ bhll_J Iracl ielilalhm; dilzyn_:ss;

9 ('6 114('12 MI': -24 "C l- I rFi ;llUlmnUUlalloys, lil_hlnhcad_:du¢ss

_- 1431-7J-II Vl': 3 11111111g
S.I: Ii1_ol

_1 I:P: (i.1"(_( 146 "1;) MalinlUlll Cl)ncen-
I.V.I.: ll':llil)ll al Sill::

III':I.: Ill M_5'Jl(lllp/kg
I1':

;o 1,4.1)ichhmd_nzenc _111111_ss1_'while MW: 147.0 Slmng ilxidixers sm.-h 5ile 1.2.4, & 3 I.ivcr, rcspirallX I:'ye inilaliun; swelling orotund

(p lliehh,r,d,_,i_el_) _eyslallin¢ sulhl liP: 174 "C (.14._*1:1 ;isehhlinc iN l_nUa11- syslcnl, eyes, Ihc eye: IXt,/use ellimmea:

('6 I1.1(12 wilh il illl_lll-liilll MP: 3.1 "C ( 12H'l;I IgallalC kidneys, $1_ill IleaClat:llcs;,norexia; nallS¢ll;
11)_.4h-71 liLc iN.llll Vl): I..'1 IIIIII II1_ v,llllililll_; luw-wciglll;

I"I .%111: I) INIH'JI, :IIlll(.ll_:l:, ciulx)sis
_. I;1'; (_6"(' ( 130 "l:1 ,MaXilllllln ('llEen-

I.I':I.: 2 Jll'l, llaliun ill Silo;

Ilil,: NIA 2 M) 4(XI ugll.
11': #.')1_cV



Figure 3-3
(co.tinued)

-I- ('oalJminan! , ("11einical& 5,..ce5 & 5ympl¢uns
111
u lSymlnylll) MlySiil;il l'hysi(.'al Anlk'ilmlcd Talgel of

_" ICA5 Numlgr I l_sF,il_i.n' l'!.ig,tics Im:.mpalihililies C.nc'cnl,al,,n ();gans Expsnr=
l)ielhyl iddhalale Cohxlcss. MW: 222.2.1 Nlltmg oxidilcl.% Nile I & 19 (:NN. I'NN. hrilafitm t)( eyes. sl_ill,

ll!lhyl Idllhal;dc) lila_:lh:ally odsNlcss.I Ill'; 2_)5"C (56.1"E) slltuig :.:i41_.,it, h: rcp[t_hidive sys mucous lncnllnanes;
._, ('611.I(CO(X72116):_ ,_ily liquid F.IP: -4ll "(: (-47"I;) add. :dl,:ilics,water iespi(calory |ys, hc'l(ial:|leS, lli/Lync$$. $I)3S||IS
_. IX.I(,()-21 wilh hiller lisle VP: I mnl llg eyes. skin. m a, ins a.d h:gs

g and a vcty slight S.l: l) I%

_, at,mlalh.",xk_ FP: 161 "(':1.122"I:) Ma_innnn (:sm_:en.
I.EI.: II 07% ll;llitdl :II ._ilc:

O. liB.: NIA I'_ (-_ 12 mg/kg0

!!,:. ,N/^
l)ilnclhyl |4llhalale (-'lllnlless ,lily MW: lil.l 19 ._If(mg,ixi(li/¢ts, Nile 2 & "/A Re._piral.ry hlilalion of eyes. skin.
(Melhyl Id,lhalalc| liqui, l wilh slighlly lIP: 2X.l "(: 15,11"I;1 ,41stagaLidN,sliong syNlcm,g:islro, lim(:c.ls meml_ane$; i.',m[_h;

('6114{('(14)('11112 +_wccl,_.l. MI': 6 "(?(.12 "F) hasL's.Ilill;,ll:5 illlCslinal II;il.'l. dillic.II Inealhing; vtmlilillg;
I 1.11 I I-3l Vl': |l I|l nllll IIg eyc._ 11;ll_+l).Nis;Ila|lSC-'l;headadm;

.%,J1: I) ,l'Jt, diUil,CSN; gaslitl-illlcNlirlal
I'1': 146 "(7(295 "I;) Maxhlnlln _"_liilccrl. illil,llion; {:N5 delllessiim.

1.1";I.: 11'}.lgl, II_lliilll ;ll ._ilc:

,., li_.L: NA 2 _n_47li ug/kg
-- II': 964 eV

v, 2.4-i)inilm._i.lcnc (Nange.yelhJw MW: 182 {)xidiTing agents. Nile 2 & "/A flh_d, liver, limning sensali.n:'anemi'a; "

W ('6111 ('II] 1NO212 i:lyslals will, Ill'; JlI{I'C (572 "FI ,cdt.:htg agenls, SldCCn.(:VN. coughing; wheezing; jaundice;
125.121-14-61 t'halal:ICliMil: MP: "/ll "("(15H'I;1 Slllllig l,asc5 lqN_INItlt.'liv<+" Sy$1 lillylll_ili5; NIII)IIIIC,55It| 1"C;I111;

-- imlur VP: I mm llg ee 11N)'C heaJa,:hc, n,nlsca, and111

'< S.l: In_,lll Vl+lllilillg.tll
FI': 21)_ "C 14114"F) M;IXiIIIIIIll _'llnl:cn-

o I.i'.'l.: NA Ii;llil)ll ;ll Sill:

IIF.I.: NA 2 (.; IXll.glkg
'I I1': NA

;= I:.lhyll_n/e_ rolmless ,quid uw: Ill{_ ,_lm.g oxi(li_ers. .Site 1,2,4..5.?A,?C,I}, Eyes. skin, Inilali,m of eyes, mucotlS
('111 t:lI2 (X_IIJ will, al,ml=li_: lIP: J.lh'(_ 1277 "1;) 9,11111.1],1,1. & 19 Ulqmr m+,nl,al_cs; J_.u._lilis;

I IIN1-41-41 i_,€. MI': -95"L" (- 139 "I;1 iesilhalory hcadadtc, narcosis, c,lilla
0 Yl): '7 llllll IIg syslem.
,-i

5-1: I11)1'_i, (:NS.
FP: 1.1"C(35 "F) Maximum Conccn-
I.F.I.: 11.14% Ilalioll at Site:

IIl'l.: h 7'J1, '7("(@'52 niglkg
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(co.ti..ed)
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( ( Figure 3-3 (
(continued)
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./
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Figure 3-3
(continued)
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•_€ ('II('12 ('I12('I _.k_l_ h, luid 111': 21 l '(" 141S 'I:I 51c.',,,.;..I_ sc_piral.ry sys. i.ilali.n; livc; anJ kidncy
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116hN VII: I SSlSll11g sy_. and kid.ey

,_sll: II IN!l'_

II' 11XI (" | _2 'I:1 M:IIIjlIHIill ('lll11_cn-
I!I.: NA ll_Sii,ln al SilO:

11!I.: 6 (dlq. 7A (" 420 Ssg/kg
0
-- I' N^
_D

.1

.1

ITI

E

o

( ( Page 16of32 (



( ( (
Figure 3-3
(conti..ed)
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Figure 3-3
(co.ti..ed)
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Figure 3-3
(co,ntinued)
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IIAZARIN)II_ AND "lq)Xl(" MA'I'ERIA I._
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._I, ha;,l. |q411h.'. lip I(, 15 1" I_O175"FI ;lll;rgll_._.llO,ll|!lx.'4d% _G12 sySl¢lll. .'oralkidn¢y ,lamagc:

_' II.I.IIIlhIII Iol_l;l| MI': h ill+("IIIN, "I;I h;nhq+.t'n;oh.'d:ithl% _:alditlvllml:ul_[lllll_llilllI;whccIilI[E;

--'_ Vl': 41nmi llp Lhh. mL'.llila_lilI+: 'sy.'+IClll.cycs. illilali,ollIllcyl:_,skin.l_i,_€
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_ I'1' NIA _:111 Jllllllll ('1 Inf.'on -
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Vl': II mm llg illillllilll_ al'¢nls. INNS.leSlfilalmy II;IllSCa Vlllllilill_;
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, • 1'1' N/A 011('l;ll_ M'.liimum Com:en. sys,[_a._l;t_- illilali.n
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m II1-1.: NIA .I b+ X ! I,_glk[_
I1': NIA
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"+ V4' I,I I:;lllllngo

_,,I.
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Figure 3-3
(co.li.,ed)

3: (',mlaminaill , ! lll'mi_';d A 5m.t'c_ & 5yml,h.,s

_, qSy,imyml IqlysiL'al I'lly_.ll ;II A IIii*.ill;lll:ll Ta;Itcl ill=-

I('A 5 Nllnll_l I ._...._l_€.'l__._..]Ol'blli,ll l'l,,l_',ll{'s __!_,l__.l,.!l'},llihildics ( "l,lllfi,ll';llii,ll (.__._.))fl_;lfl_ |'.'i_qI_IIFC
•'r (':llhllilllll '_ilvL'ly WllllL" I_|_/; I I.1 .I ()lilli/illl,. ;ll*.l'lll_.;l*.'lll'_. _ilc .I.'_.'IAH.llIA. I.im_. Iqlhlcy%. I'tlhlliln,lPj cllciil,1;L-iiiil_hifllL

I'll Idm" Iiiil_C,I lu_,llil,l_, Jill' 7{_S(' I I,IIF/°1:! ,.h.lllrld;ll ,,lllhll. I ?.1,1.& I'f ;llClcf. iilil_,l'dc. ,ly,,i.l_:a, Ill, hi i.h¢_l;=.

_" 17.1.1114 tq I - _lclal IIK'I;II MP. 121(" I(_lll I;I *_l:h.'llllllll. :lllll IL'llilllllln hhld;l¢l; hl.*xl. IIIIIIciIIUIi:s; IIII1(I :'IICPliI;

I I !11(,I'! II I a'_('dl) \'1' II .ml I I1: IllU_,_.'uhl.',l,l:h:l al _llh_,lClllalpain. an._,llil:
.%,1 I.,,*d .,y_, ICSllH:qllly IIcail-'l[hc;I;lllll_; €liallllca_

_-- I1' NIA _l.'llillll,lll ('IIIH.'€II- _yS IllilM.'Ii: ai.'hcs,cml)lly._l:lll;I,
"_ I I-I.: NIA Ilalilin al ,%ilc; n:lli.sc:l.Vtllllilm_

I I1!1.: NIA IlIA (-_,I _1)Inl_lk_
_ I1' NIA
"3,

[ llIIIIIIIUIII 51C¢1 _[ly Ill'_llllll'_ I_|W" 5_ ._ll,ml: ,_,illl/{',', :iml ._ilc |.4.5,7('.H.'1. R¢'_l,ilah)ly l:il_,.,_is t_l"hln_,: d¢lrlll31ili,;:
O i('_ I_'lal lip _h.l? "(' 147XXI:1 ;_lk;lll,; II)A.IIIII. 12.11.14. _,),_,lcln. c),c anll f,kin illil.'llillll

1744(14711 MI' I'NNI ('11,15._ I') I(,.& I'1 cycs._.kifl
Vl'; IJmm I II_

"_ 5.|; 5|II_llI
I;I° NIA Ma_im.m ('im_:¢.-

llil.:NIA ll:llilm:ii,%11c:

II1"1.: NIA .I ("_ 1.4}1)m_/k/_
o

!_ I1'. NIA
[',d_all (;lay. haiti. MW: 5XII | ._lll,ll|! .liclilc;'L ._il_"1.4,5.7^.?('.q Eyes. kimlcys Irfil.lliim I_l eyes.

('** OllalEnClil.'. Ill' .llll(l"(" I._(*l2"1:| AnllllsllllUlll Ni|I;I{I_ IIIIl. I 1.14.1(,.& IQ skill, iC_,l,r;ih,ry skin. nlm.',m._

174411.411-41 du¢lilcll_Inl MI': I.I'II"("1271'1"I'I sys. mcmh, allc.somm)Icn_€
-- Vll: I| Ili'II IIg _ml_loiilg, dy.'il_.'llsi:l,
"" _-I: I._,.I dc..alilis.

m I'1': NIA Maxi0mlm C'llm-cn.

" 1.1"1.: NIA ll;ili;_li al Silo:
-i

I II_J.: NIA 4 _ .i2.'i mg/kg
R I1': NIA

u.. ('a_lpcr I'¢d lu_llimlS MW: (,I 5._ 5111ragadds. adivc 5i1€ .'1.4..S.6.7A.711, F.ycs.skin, Inilaliim of ¢y€._ oral

('u du!;lilc metal, liP: 25'1.'i"("147111"I;I h;d-l_cn_'..q,*_m_,Is. 7C.II,'I.IIIA,IIIlI.II. lcspiralmy lys. skin; cami_ll:sneezing:

o 174411-.'d1-111Is ll,lclal MI': IIIHI'('II'IXI "l:l hh,lllic. _lllllll_ ,,xidi/cls. IZ.I 1.14.15,1(_.& Iq livcr. X, kiihlcyl, tk:lmalilis; nlllSCi:

I 1.117-JHsl)I as ('u() ("14'€€fl€lll_mat¢ VP: II o,m II1_ v.milinl; hcadad_:

.li,lalkm l_,_Im'l. ._-I: In_.l ,li_incss; l_asll--
•_ I;1': NIA Maxinmm ('oraL-on. mlcsliooalii,il_ili,m.

" l.lil.:NIA lli_limlill._iilc;

Illil.: NIA 7A _ 1.5_llm[_/kl_
I1'. NIA



( ( (
Fignre 3-3
(coutin.ed)

n_: { "ttl1|_Itllill:ntl t ( IK'ntn':tt ,_ .sttlnt't'% _ ,s)'ttlphttll_,
_ l,s_InlMllyln|. lqly_k'al IIIX',Kal Anlit'tp:dl:tl Taqti_l ,!

_" __"A ,SN.,.I'_,l Ik'_,-l,t.,n Pl,_i_'llh", Im'[N_PIl!p_alihllilit.s l'tu),'i.'nll;dhm .___(_._;In_ I:.I[IttSUIC
"r cad IIhtl..h While MW: _||7 _) 5|IItlI|T t,_.lllL't'.. .SIt. ,I.5. IA.711.7( ".'}, Kidneys. livcr, l':dh.; hhlc _Sllll'_.anl:ll'lia;

_'I i I'1, ',li_,'l:i)'assaymetal lip 17.1it"1'111ft.I"I:1 hythttl.rnlWtttiltlC. IIIA.ItlII.I1.12.1LI4. hh.xl,lt;l_,llis-;i|Xlttllllfl;llpailS,Well,lititt,_q;;

=" ' ( 7.1t'l '1_ I J KIl': 127 "('((,21'1;I ;l(liv(" .It'lal_ 15.Ih. _(€I+) inlc.s,linal Ii;it I. h:lhaf/Py; ,:,)1i., t'tmqsltals.n

i-_ VI' |1otioselip l',.leftist I.qa'_,Ottlll| ( "N5, CyC_.
I./1

5ul: In',.l ltlnl:iv:,ltl_MIC
2 I1' N/A Mat lllllilll (",nll'K'n-

I.I!I.: NIA Stall,ill ;it 5ill:

llhl. NIA 7A in,(1+7(I(1 llllt/Ikl_°
- II' NIA

O Manl+'am.'_.¢ ..iht'ly whJl("111('1.111MW 5.1') I ./%riJ,..It;t,.,'++.n.u,,lust.. _;ilr 1.4.7('.'}. |llll.l I. N('lvcs. lun_ pi._r apl_lilc; wcaknc,_s;
Kits lip l'l(, t ('f t_(_l l'l hah,l','il'.. '.ulh. -_i,h"_ lh. & l'l hvcl', |;d.cy _Icl:pinl:ss;,.ha.l,¢s i.

11 t'! 'N, It I MI' 12I.I "(' 12211 11 ,t1,l,tlli'l'_ si:_+;l.tl'alulysy'L '.l_.'ct'h.It;llatll:€ :lml

VI' !t n.,, III: 'N._. hl._-d l_',stmalily; rostra.sea; dry

5.I Ioi..l lhltt:ll, t-ttSl_IslnlLl'hl Iol_c
IS' NIA l_',_;lll illllllll ("slnl.'l:n- h- Vl'l

I I:1.: NIA It;slit,it ill ._ill::

.., I IH.: NlA t 1,,'I .) tllltll.

II'; NIA

Kll:.'uly silvcr_ while. KfW: _')ins5t! 5lltttil! ()xidi/t'ts 5it,: .I.5.TA.I_.IIIA. kidneys, eyes. pain; sI.trlnl:ss td hrl:ath;

W IIg Ilcavy. isl,tltil+ Ill'. 157 "('1675 '1;! & 12 skies.('NS. I'N5. ituhn,mary {i,II:ma, Ill:iS,liP;
J7.1P/Y7-61 hqnid lllClal hal': I'1 *("l IX'I:) lCSltirahliy sy5. aslll)illlCslin:il tlisllc.+s;

_- Vl': 21"-1mml Ig ss,,,Istsl:a

m 5.1: l._-i
II' NIA P.,I;Ilinlllnl ('i sntl:n -

._ I!I.: N/A II;llltill al .Sill::
ll!l.: NIA IA 1+,'2 2'/nsg/lkg

I'. N/A
;o Nlt'kcl 5ilv+ry while'n¢lal MW: 5H h'l .Slit|lilt Arid,,+ ,,illll:f. .Sill: 1.4.5.7A.7('.I['}. IIlII_S, skin. nasal cye.l skin illilalitm;

Ns liP 2H17 "('1511'! "I;1 _+:h:.,um. v+t._l :..I ItlA,lllll,l 1,12,1 t.14. _.'avilics ll.Cu.umia lilt{ illn¢._s;

•"1 ' 174.111112111 MI': I 'i5._ "('(2H II "I;1 ,!Is|',, t,mh,_laldcs lh. ,_ I') l.tllll,'li;sl,tilncss .l b_calh;
=

o Vl' II mm lilt .d,..naly CdCtlS;l

"_ I;I' NIA Maih..m {'i.K'¢n-

I.I!I+: NIA llalitln ;ll .Sill::

lll!l.:NIA .II'I' l,llllssil.'_ _
II' N/A
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•"r ('.nlalllinanl , ! "h,',.ical & ._,..ccs & Sy.ild+U.S
rl

u l.i_ynllnk+llll l'h),si_+al l'hpsh +ii AIIIi, l|lalt'll l+lllltel i,I
:mr

11"A+_Nn.,I+,I l_'sL,ip1.m l'H_J_'illt'+ ___h+t_,l+ll++']llluhlit's ('+mtcnllal;,,n __l_hK;m,. l;.xp)sUle
"1- _t'lrn,,0. I |a,I, i+,t'y I-,l:l;l_ !_+,MW: 7X ,1+, Sh,mI. all I, _; Ir 2,1.71".'1.IIII1.1 1. IIppcf f+H,fal.fy hsilali,Ln I. +,k,n.,:yes.n._e.

•%t" _i,_,l,'l oi t,yq;,Ix lip l',H5 (" l I-_#,_I;! q,.rq, +,IILJII{'I_,. 1.I.IlL. A ILl _yq_'Ul. CpC_. and lliloal; dt:0111alili_,;ll;iU\e:i;
177N-+.I'I .II MI' _INI 1"I 1'1_I'I IIIL,..I, L.lil,h,. IIWI:II'+ skin. hvcL hh.ml, v,.nm.lt; he-'.lachcs;

€:3. VI' II iiiIn lilt , .llllllilllll I'ILIIICy'_,'.pJl:l:01 LJl/lyll¢',_,; it:l_,lloiilllC+dmal
S.I hr,.I iiilaho,n

'! H' NIA I_lallilllnln ('I.Kcn-
I

II I!1. NIA II;111,,11;11._ill::-v

iiiM Nh\ I I I+,1(I IX iOll,ll.
_ I1' NIA

O "l;ilvel while i1_1:11 MW 1117X Nl,,m r ;of hi\..,IoLSill. _ _tll_ ,I._.7A,7( ".X.g. N:r+al _Clolnlil. III.e (;fay eyes; nasal ,+(.rlllllll:
"3 AI_ lip _IHH!'{'1 I(,12 I;I h,l_+t'_.Lqyl't'll IIIA.IIIII.I _. fIGIS ,,kin, i0n,l l:yc,+. IIIIII:II. Skln 11111,1111111.

' 17.14112-_ 41 P,,II' 'P+,ll ('117(,I I'I odtca+'ntio.i;(;1 do+.loc++,s
Vl' I1 ooio.I Ip
5.1: In_Ld

I

II' N/A _|aXillnllll I"oOlK'en-
I I'.1.: NIA IlaliLL01:11 ._ilL'I

III;.I.: NIA .I t," 114 Inll_/lk[_
I1': NIA

I -- I

Iva,a, li,m Iv205 is Iyelk+w- MW: %11q4 I ilhO.llS.('hho;m,:. Sale ).4.5.6,7A.'/11.7(:. I.+'yes.Skin. I.unlt inilalinn;

V ollallttC I_Wd_f liP: 17511"(" 111112"1;I I1011UL,Idc.a, Llylt'a,:. N.LI.IIIA.IIIII.I 1.12. ICSl6fal.fy sy.q. _fctn hmlltUC;_:Oulthinlt;13o
174.111.I'w2-21IS Melal F.II': 6'|11 (" 1127.rl;1 'OIOIIIIOLili;o.hydO.l'r. I ].14.15.1h. A IY wllcezinlt; €+zem,i

11.114(o2 II as V20_ VI': 11m.l IIi_ ,_t,_._i,l¢?
_,LI II H'_t;1',V2()5
I1'. NIA MaxinlUlll ('.n4:en-

-= I1!1.: NIA Ii;llll,n ;11._Jle:
-i

III!I.:NIA 14 kll._._.|iIil_/_l _
II': NIA.

Xim" Zn ()xklises Io a MW: €,'i I,I Site .1.4..'i.7^.7(T. Reapsys asZn() I)ry Thr,al; c, mtehinlt;chills;
111 while ,mh,lle._._s,,lill liP. ,/418(" I I(,_'o'l:l X.,/.IIIA.IIIII.I2. level; litthl €llesl; Iohmcd
17441114).(_I Is klclal MI': 4211"(" ITXTI;I I},14.16.& I'1 visi.n; herniae'he:nausea;u

I 1114 1121 as ZnO yl': 11mill III_ yore,linty; malaise
Sod: Ins.l

._ 1'1' NIA Max illnlln ("1MI_€n-
2 1.1-1.: NIA 10;llis.I al Silo:

II1'1. NIA 17 (a_5(,llilll{It/li[_
I1' NIA
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Fig.re 3-3
(co,ti..ed)

, Tmblr I
IIAZARINHIN APfl! "IOXI(" 51A'fl'_ltlh I._i

NAN AI.AMI'AIA

('llll|lllllll;llll I lnl'lOm'_ol,_ _,mtt'c'*;& _ymlllamr,

I_vokmvooll I'hy,*,i_'al I'h) _,o_,d ^.loL Ol_-',lcd "faal_cI .I

=" ..... _(" A .%N.ooolw[l Ik'_,loipI.m I'o.l_'ll.'_, ho_..Ol_olol,lili,r_, ('o,,.L,:.l,al,m ()H_,,. _, I_._l._,..,c
r. h_.orllL" Wholo:('i y,.l,lllloO.' I_,|W |l_t'l %loosol/,,,l,,h,,L'o'. _ih" I.ZJI.(Li( ".H.'l. Ilgil.'llialn ,d cyc_ & _,kin.

I',.v.do.'l lip ?,pl_ 1"I'_(_XI'1 I I.Ih. & I'l ll;ilo,,l:;i,dl,,w_Ool¢_,
rio

.; MI' I1.1 II1, (g-1|7 ._.11I'1
vi o

%,,1:

-- I I' I1_|,111Illllllll (°qllH'Cn-

0 1.1"1.: II;llillll ;11 _ilc_

"3 I q!l. II1_ Ihll,lllXI IIl_/ILl_

I1'

^

?
,m
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Figure 3-3
(conti..ed)

, "l'Hhlr I
IIAZAIIIIIIII,_ ANII 'llllll" MA'I'HIIAI_

NASA I.AMEIIA

"I" I "llO|.lllllll_lnl II_'msLal /Ii , ._lllllt'lzs _/I ._'11111111111_

._. I._'ll;inyllll I'hy',ltll I'hy,,l_ al Aid., q,;dt'd "1_1t'¢1 ,,I

=' If" A ._ Hmld_'l I lit',, il|*Io,,,l l',,,lW;In'_ ...!!!_mnl!;!!!l!di!!_. ...... ('j!,!_,_l!!!!!ll]!,l._.__ l/,l[+m_ E+!|.p_lllt¢
( "_lnl, k' -- .......... Et-W.................... Kih' .I & _ ..... A'.llllyllia umlde;Ill1;

lip wcaknc'_. I.:adat he;
2 MI' 't iin|llMilfl; fl;llllCa.

VP ¥1llllllilll; int;cabin I lllICLa

+ +_q,I lt'_llll.111 II +111.S|IIW

II' M+lllillllllll (',+nlzcll l,;,Xllmg icSpiltllhm;

I I-I+ rldlllt111+ii._iIi_ +sIll;llloln,11cycs antl skin
III:I .I l,,' I X lliglkg

.i+

'.+,
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Figure 3-3
(continued)

"lahlr II

IIAZARIHIIIN ANI! I(IXII" MA'I'IdRIAI.N
NAN A I.AMI']IA

•I" r, nllalmnanl ("lwnm'al & 5-uvLc_,& 5ynlphun'_
n

'-' ISyllonynll I'hy,,_'al r'hy,,.h';d Aldil.q,alcd "l'acgcl .I

I(" A._ Nu,.l,_',I l_{,il_l,-n l',,,l,cilw_ __l!_p.!_!!!,ilili¢_L__- (',m_:t'nllali,m (hg;in_, !_l_t,r¢
_. Ahhm Whm'. l;lll. ,sl dall. MW Ir,,I 'It llydv,,l:_'IIt hh..h' Nile 2 & 12 ('NN. liver V,lnliling; di:nlhca;

( "I 2 fIN (16 hl.wn, l),alalhm, lip I )c, ,,,)q),,_,c,. ga... s,,mcntl;ih'd inmrl-'ll kldm..ys.,,kin lenal d;u,lagc; llcnlol_; alaiia;
'_ I IlPI III1 -_1 IllalClial willl ;I KII' Ill.I (' mhl_, ;ll,llVCIIIclal%. ;ll I,I I.IIIIVlll_flln$;('N5

"I_ inlhl dlcoomal ,,,k. Vl' 7 51"5 mortIIg i ;Ihily_ls. :ll ill llXlqlilllll_ [IClllCASiIIII;IC_pilali_y

_.ll |1 ill| I'_ _ll?rlll_. Ilhl'llll| |;It|lilt; Ileal|l. t allll,1

; I1' NA M,Ixivnum ('.nt'en-
O I I!I.: NA ll:lllllli ;tl Nil"r.

III-I.: NA 12_H2Hug/lk_
II': NA

AII4,;i IIII(" While l'ly'd;ll'_ MW' 2_II Nlll,nl:-Itl,lilinl'. _ilc N & lh Nid lhr,.nghly Eye. skin. and rr_pitah_y
_' lip ,Ol!O.'nl,, |vlvt'Mig;llcll _,yMClIIIllilallllll

MI': IM_ Ihl'("
Vl'

_' ,_,4:

!-_ ,I'I' Maxiomom(',_m:cn.
:1I!1.: II;llilff) ;11 .{;ill_:

W I I1:1.: Ih (n_.|7 IIl_/l_{_

E I1'
._ AIid_a ('hhedanc MW ._i1¢1.2.7('.X. & 14
m lip
:3

.% MI'
o Vl'

ii.I' M,lliomlnl ('Olllq:cn-
;_ I1".1.: II;llillll ;11 ,_IIC:

I I1!1. I,I (_' I(dl uglkg
II':

•_ A._'h,s I _411 l.hluid MW: ._O,..g .xidi/i,ig ._ile 1.2. & lh Kidncy l':ye.._Idn,and lc_pilal_,ry

") gl'o,lyl likogoooal!_alllildlcayll lip ;tl,i'nl_ _yslCOllirlilaloiln

el "hhl,,,hl_/_.'nyl/ MI':
Vl'
_;,,I
JJ' _]lltillllllll ( "lil_'{li -

I I!1.: ll;olhm ;il ._ilc:

I llil .. 16 (,*'4.(,(HIuglkg
I1'
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Figure 3-3
(co.tin.ed)

•1- ('tmlmmnanl ("hcmiL'-'dA S.m('c_ _ Symplm.,_
=_ I Symmyml I'lty_kal I'hy_kal Ami, Olmlcd l"ml:Cl .I

L=' ](" A _ NUOOllll'll I)c'*,._._lOHlllmn_ Pl._llq.'olir*i IgKaimjt;doholdoo:_, ('fuji colllaloiln ()lLtl;In_ I':sIK,_III'C

^._ I.o- I ".i.l I .il_hl ycll.w MW I_l_ _llloOll.'._.h,'oonr. _ilc K & llr_ Kiilm:y, .,khl. F.yc. _,kin.-",mlaC_,li0aao.o"},
e,.,, I I'.lvo.hh*imal¢d Ihphrn),ll ..o.,i..u,, hquod II1' I1,_i PHi '(" I(d!G)71.11;I al:t'ool,, l:y*",,.,liv¢l. ..,),,,Icool.oilaloim.

" I I IlPII (.'1 I I MI' III (" I%11"1;I IL'pll_dlat'liv¢_ys _a,oomdcmc.diallhcaY
I_ li'l' il INNHN,IIIOOlIII! Iqu_.luLlivc clh:* I_
It,

2 I1' NA Mail,mira rom'cn-

__ .1(I.: NA Ii;lliloll ;11._ilC:

I1!1.: NA I(i (,,' 1 I.IXH|III_/k_
_ I', NA

O ^,,,_ I.v I ._fd! I.ilehl Ycll.w..',l,ll, MW _;10,mt.'-,"la,'mt_ ._OlC1.2.H,14. & Ih I.ivc! I'yc. sLin. and rc,,phah.y
II'.:lylhll/_maltd Ilil_rnyl) _llLky IC_lll lip IH5 .1_11(" ;O|_l'lll_ _.y_,lelllilrdaliim:

I_11' %1,lillll }Ic n('c. tllallllCl

VI'.%.1

I-I' Mallilllllllll ('q_n_cn-
1,1(I.: II ;llillll a| ,_ilc:

... I I1!1.: Ih _ 7. IINI ug/Ikg

,_ I1'
(_hhidau( VisL'mos{idmles_ hi MW: 4IPI _ ,_lllllll_.,idi#CO_ ._i1€I & 2 Kid.eys. {'NS, |_.yC,IIlIII_iHI_

cn i( 0alIIHtll ('hloldlncI aglll_t t'_ohNc(I II1': Ik't'cvllll_O_Cs /_ll_a|ile'i(.;i/_{'nl_, I.lvcl, lungs. /_lcml)lanc, II/_r
('ill lib 111 liquid wilh a MI': IIll liP/(" 1_17 _?._R"l:l Iholl;lll, eyeS. IC_l_ilIHy II;K'I Illilal_lll

_1 74 _11 IHIIIl_Cnl(hhli._- VI'_ II INNNII inln I I1_ hlilahilily, i:llnvulsil011._,

Ill Iikc IN_I .%14 (I II(NII '_{, & Ilccll dcplcsshm
I'P NA _laXilllnlll (_llr":ll- Ilhlll¢ll vi_hlll, _.._lninLe.
1.1!1.:N_ II;llillll 111._ilc; Vlllllilill[E.

IIlil.: NA 14 _e Ifdlu.g/tg
I1': NA

E
pO_ ,I ('llktl_r :_ Mclhyl Tan Palwd('l MW: 2INI 6| ._lllllll_ .lidi/clS Silo # I.ivcr SiHflnoJcnl:€,L'llma,

I_hroiuiyai.¢lit: Acid lip gaSllilis, ii_ilaool

o IMI 1'AI MP:
-" ( "_II*P (10! VlhO

q I'P4 "/461 _.1 Inslll
I'P Maxiomoon('lmccn-
l.l!l.: llaliiln ;II Silo:

I Ol'l. H ('_ (vl I iilI/kll
I1',
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Fig.re 3-3
(co.ti.ued)

n3: ('tmlandnanl , (IH°Iooit'.l A Smm'es & Sym/_.m_
!Symmyml I'hy_k'al Illy_st ;ol A.lk'qlalcd "l_rcl .I

: I('.^.s Hu,,d,.! |k'srlipIhm. I'n[:.l_I ic_ Im'a.OOllald,ililics.............. ( '.n_+cnllalhm (hgans _JllX_sallC
2 I.I ('hhmt ,1 hdyh,xy I I'tiDpi.nk- lan I_,wdcl MW: SII. ii, ,I I/it, _;ilc 14 ._kin. cyc_. _pa_m. inllanlali.n and rdcm_

^tid lip ,%111mI, 10+,_.i.x 'fC_.lOllah+yll_k.+l .| hlryns .+endlJltmthl.
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IM('I'I'I VI' Imhl.m:,ty edema.
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m ( "I.I ll'l ("PI Ill' ;,rent+. sl0.n l, l,a,,rs I.d. & 11_ _ ah.',od_d ll.+mlth skin:
MI': ;llI ')I! 1" I PHi I'A.I'F) llC11+,Ifs+.CIL'i|C1+K111- skin

_-- V|' 111ilalmn;_.'+tllVtltshms:
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Figpre 3-3
(co.ti.ued)
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Figure 3-3
(co,ltinued)
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Figure 3-3
(contint, ed)
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Figure 3-3
(conli.l, ed)
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Feel o soo iooo ssoo 2o0o

Melers o 2o0 40o eoo

17: Seaplane
Lagoon

Evacuate Through Main Gate to East Gate:, o
"%1

1. Proceed on Perimeter Road from West Beach Landfill

around the perimeter of the air field. P -_2. Exit gate at east end of Taxiway No. 3 and
follow road past Buildings 76 and 134.

3. Turn left and proceed 1 block on Avenue A. NAVALAIRSTATIONALAMEDAALAMEDA,CALIFORNIA
4. Turn left onto Second Street and proceed

1 block through Main Gate. EMERGENCYROUTETOEASTGATEFROMSITE2
5. Turn right onto Main Street and proceed FIGURE10-1

about 1 mile to Atlanllc Avenue. , BERKELEYENVIRONMENTALRESTORATIONCENTER
, San FrandIucoBay 6. Turn left, away from East Gate, onto Atlantic Ave. ur+vvE.s.YOFCALIFOnNIA.BERKELEY



2: West Beach
Landfill

Am F

BBB
w .... F.. '_ Toalwirf No.1 i..J - I _. I&.,A | |_

"/ ":_"P"°" mr/I-!11_
Evacuate Through East Gate:

.o°.on.. ,,oo.on,,.., _//0_ I_
No. 7 unli reaching E/W Taxiway.

2. Turn right and proceed II !l, _
along the end of first Street. r -r-j;_

3. Turn right at Avenue F and proceed until
reaching Firth St reet.

4. Turn right and proceed along fifth Street NAVALAIFISTATIONALAMEDA
until reaching Atlantic Avenue. ALAMEDA,CALIFORNIA

S. Turn left on Atlenlic Avenue and proceed EMERGENCYROUTETOEASTGATEFROMSITE17
until reaching East Gate. FIGURE10-2

BERKELEY ENVIRONMENTAL RESTORATION CENTER
UNIVERSITY OF CALIFORNIA. BERKELEY

! ( t
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A TTA CHMENT 3-2
Job Hazard Analysis Form

Sediments IntrinsicRemediationTreatability Study
Sample Collection

ACTIVITY STEPS ACTUAL OR POTENTIAL HAZARDS RECOMMENDED HAZARD CONTROL
1. Mobilizationto site Vehicle traffic See SSP 12.3- Be aware of vehicles

Wear traffic vests if working
in traffic

Materials handling See SSP 12.1- Use safe lifting procedures
Slip, trip and fall See SSP 12.17- Inspect work areas

Maintain good housekeeping
Use appropriate footwear

2. Hand Augering Slip, trip and fall See SSP 12.17- Inspect work areas
Maintain good housekeeping
Use appropriate footwear

Materials handling See SSP 12.1- Use safe lifting procedures
Contact with contaminated materials See HSP 7- Use specified PPE

Establish work zones
Follow decon procedures

3. Groundwater sampling Slip, trip and fall See SSP 12.17- Inspect work areas
Maintain good housekeeping
Use appropriate footwear
Maintain good housekeeping

Materials handling See SSP 12.1- Use safe lifting procedures
Contact with contaminated materials See HSP 7- Use specified PPE

Establish work zones
Follow decon procedures

Berkeley EnvironmentalRestoration Center Intrinsic SedimentProcesses Study
Health & Safety Plan - Appendix C, Draft Final February 1997



Attachment 3.2
Job Hazard Analysis Form (Cont'd)

Sediments Intrinsic RemediationTreatabilityStudy
Sample Collection

ACTIVITY STEPS ACTUAL OR POTENTIAL HAZARDS RECOMMENDED HAZARD CONTROL
4. Soil gas sampling Slip, trip and fall See SSP 12.17- Inspect work areas

Maintain good housekeeping
Use appropriate footwear

Materials handling See SSP 12.1- Use safe lifting procedures
Contact with contaminated material See HSP 7- Use specified PPE

Establish work zones
Follow decon procedures

5. Sediment sampling Slip, trip and fall See SSP 12.17- Inspect work areas
Maintain good housekeeping
Use appropriate footwear

Materials handling See SSP 12.1- Use safe lifting procedures
Contact with contaminated material See HSP 7- Use specified PPE

Establish work zones
Follow decon procedures

Working on or near water See HSP 11.3- Wear PFDs

6. Acoustic Imaging Slip, trip and fall See SSP 12.17- Inspect work areas
Maintain good housekeeping
Use appropriate footwear

Materials handling See SSP 12.1- Use safe lifting procedures
Contact with contaminated material See HSP 7- Use specified PPE

Establish work zones
Follow decon procedures

Working on or near water See HSP 11.3- Wear PFDs
Electrical hazards associated with See HSP 11.4
equipment

BerkeleyEnvironmentalRestorationCenter Intrinsic Sediment ProcessesStudy
Health & Safety Plan - Appendix C, Draft Final February 1997



ATTACHMENT 4-3

<;:_..,:::_t:_i:._<_.:_!_:i_:_{i_'._:::!_,_i_[!_!_,iiiii.__ _. _!i !_ <: % • ::__ _i • _'_:_i_ _! i_ % _:_ • ' _ _ :_:_:_:_!_!_-_i_ii_i_!i_ii_i

Site Supervisor: SHSO:

Meeting Held By: Date:

SUMMARY OF WORKLOCATIONAND ACTIVITIES

Site Hazards Evaluation Circle Circle

Toxic Vapors Yes No

Explosivity Yes No

Equipment Yes No

Steam Yes No

Physical Hazards (Specify) Yes No

Personal Protective Equipment (Specify) Yes No

Decontamination Procedures (Specify) Yes No

EMERGENCY INFORMATION

First Aid Location Yes No

Hospital Route Location Yes No

Emergencyphone numberandphonelocation Yes No

SIGNATURES

Team Member Signature Date

Berkeley EnvironmentalRestorationCenter Intrinsic SedimentProcesses Study
Health & Safety Plan - AppendixC, Draft Final February 1997



A TTACHMENT 7-4

,_, FIELD EQUIPMENT LIST
This is a list of requiredequipmentfor use on site. This list may be modified according to site
conditions and activities.

PERSONAL PROTECTIVE EQUIPMENT (General site work outside EZs):

Hard hat

Safety glasses with side shields
Long sleeved shirts
Cotton or leather gloves
Foot wear with steel toe and shank

PERSONAL PROTECTIVE EQUIPMENT:

Hard hat
Safety glasses with side shields
Coast Guard approved personal flotation devices when working on or near water
Polyethylene coated Tyvek suits
Nitrile gloves with surgical inner gloves
PVC or neoprene boots with steel toe and shank

DECONTAMINATION EQUIPMENT:

plastic liners
six mil polyethylene drop cloths

_' containers (20-30 gallons)
decontamination solution or detergent water
pressurized spray unit (Hudson sprayer)
water

5 to 6 long-handle, soft-bristle scrub brushes
bench, or other seating
wash basins or buckets

hand soap, wash basins and towels

MONITORING EQUIPMENT:
CGI/Oxygen meter
Hydrogen sulfide monitor
Calibration gases and equipment

MISCELLANEOUS EQUIPMENT:
First aid kit
Eyewash and/or shower

Absorbent material
Fire extinguishers (10 ABC rated)
Hand-held alarm horns

Berkeley Environmental Restoration Center Intrinsic SedimentProcesses Study
Health & Safety Plan - Appendix C, Draft Final February 1997



ATTACHMENT 10-5

_, ACCIDENT/INCIDENT REPORT FORM

BERC ACCIDENT/INCIDENT REPORT FORM

(Sheet 1 of 2)

SITE SUPERINTENDENT REPORT OF ACCIDENT/INJURY
(USE FOR ON-SITE ACCIDENTS OR EXPOSURES ONLY)

To: Michael Connor., CIH,
ATG Certified Industrial Hygienist

From: ATG's Site Health and Safety Officer

Telephone Number / -

Project No.:

Site Name: Exact Location of Accident/Injury ,

Name of Injured/Ill Employee(s):

Date and Time of Accident/Injury:

Description of Accident/Injury:

Nature of Illness or Injury and Part of Body Involved:

Probable Disability (check one):

( ) Fatal
( ) Lost work days (No. of days:._._)
( ) Restricted activity (No. of days:.__)
( ) First aid only

Berkeley EnvironmentalRestoration Center Intrinsic SedimentProcesses Study
Health & Safety Plan - Appendix C, Draft Final ,, February 1997



ATTACHMENT 10-5

ACCIDENT/INCIDENT REPORT FORM (CONT'D)

BERC ACCIDENT/INCIDENT REPORT FORM

(Sheet 2 of 2)

Corrective Action(s) Taken by Reporting Unit:

Corrective Action That Remains to be Taken (By whom and by when):

ATG Project Manager:

ATG Site Superintendent:

Signature:

Date:

cc: Mark Freiberg, UCB Program CIH

Berkeley EnvironmentalRestoration Center IntrinsicSediment_ Study
Health & Safety Plan - Appendix C, Draft Final February 1997



APPENDIXA

_' WATERSAFETY

The proper operation of the boat is paramount to site worker safety on the water. Of
critical importance to boat operations is the selection of the type and configuration of
vessel staffed by a licensed and experienced crew. Nearly as important to worker safety
is familiarity with sampling activities and their effect on vessel handling and stability.
Finally, site workers must be trained and experienced in operating sampling equipment
from a boat. For example, proper orientation of the boat with respect to the prevailing

sea conditions will allow workers to operate from a stable platform and be protected from
destabilizing winds and seas that can affect footing and equipment movement.

The boat operator must be skilled in boat operations and exhibit good seamanship to
ensure that vessel movement does not create unsafe conditions. The boat operator and
vessel must meet all Federal and State boating and licensing regulations. All safety

equipment must meet US Coast Guard standards for type, quantity., and seaworthiness.
Site workers must also be briefed on boating hazards and be familiar with the safety
equipment and emergency procedures onboard the boat. If the site workers double as the
boat's crew they should be proficient in donning and doffing life vests while wearing the

prescribed PPE and demonstrate an understanding of man-overboard procedures, in
addition to requirements mandated by the vessel operator.

Dry-runs in which sampling equipment is operated and moved shall be conducted to
expose and resolve any fundamental problems. These may be done alongside the dock
prior to getting underway, so that the placement and movement of equipment and
personnel can be scrutinized under ideal conditions. Mock emergencies, like man over-
board drills, will be carried out to train and test the crew's readiness to respond to these
emergencies.

Special Notes: Recommended and required items not otherwise covered:

• Boat operations in Seaplane Lagoon and approaches will be discussed with the base
Operations Officer or other representatives to identify known hazards. Permission to
operate a vessel within the restricted waters surrounding NAS Alameda must be
obtained from the base Operation Officer prior to entry.

• It is anticipated that these activities will not hamper vessel traffic, therefore, no Notice
To Mariners appears warranted.
See the "Notes" on marine chart number 18650 for special information.

Hazards: Since sampling will take place from a boat operating on bay waters, several
hazards associated with boating activities are present:
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Drowning: The greatest care shall be taken to ensure that personnel remain in the
boatthroughtheproperoperationofthevesselandthediligenteffortsofsite
workers to remain within and upon the boat. The following precautions shall also
be undertaken:

1. Use of the buddy system during boat operations:
2. The wearing of life vests:
3. The availability of a life ring with line or other apparatus suitable for recovering

a man overboard, and
4. Having at least one person on the vessel trained in CPR.
Slip, trip and fall hazards: Boats are in constant motion, either from wave or
wind action or from activities aboard the boat, quarters are cramped and the deck is
adorned, with trip hazard like cleats and hatch covers. Sampling activities focus
attention upon cables, winches and pu!leys, and away from these hazards making it
likely that injuries from falling or tripping will occur unless participantsremain
diligent to these conditions and take adequate precautions. Dry-runs will be
performed to help acquaint workers with these hazards and how to avoid them.

Sea Sickness: Most people, in some form or another, feel the effects of vessel
motion, calling it sea sickness. Reactions can range from tiredness to headaches to
nausea, with the latter the most common effect for persons new to boating.
Seasoned boaters often report that they tire more easily, but otherwise show no
other outward symptoms. Sea sickness can lead to severe nausea, disorientation
and extreme fatigue - all of which can rapidly contribute to unsafe conditions for
site workers. Sea sickness symptoms often take many hours to pass. Prior to any
assignment to boating activities, all workers shall discuss with the Site Health and
Safety Officer their experience aboard boats, their sensitivity to seasickness, and the
precautions they take. The use of any medication or device used by the site worker
to mitigate the effects of sea sickness shall be disclosed to the SHSO prior to
boarding the boat because these precautions often have side-effects that can affect
ones ability to perform work safely.

Fatigue: Persons unaccustomed to operating aboard boats will notice that it takes
a lot of effort to remain stable, whether standing or seated. The motion of the boat
causes one to use more muscles in order to remain balanced, resulting in fatigue.
Prior to conducting boating operations, the SHSO will conduct training on
identifying fatigue, in understanding its effects and adjusting work assignments and
duration accordingly.

l-Iypothermia: Hypothermia is the lowering of the body's internal temperature,
usually from exposure to cold air, wind, or water. Early symptoms are bluish skin
and lips, incoherent speech and shivering, followed by reduction in muscle
movement and control, mental disorientation, and eventually unconsciousness. The
geatest danger of hypothermia at this site is from immersion in the bay by falling
overboard, but hypothermia can set-in under lesser conditions if exposure is over a
long period of time. If work requires prolonged exposure to cold conditions, the
work schedule will include warm-up breaks and making frequent checks for signs
of hypothermia. The SHSO will familiarizesite personnel with first aid techniques
for hypothermia.

Tides and Currents: The boat operator shall have thorough knowledge of the
tides and currents for the areas traversed. This can be accomplished by computing
the tides and currents using appropriate resources or through requesting this
information from marina operators or the U.S. Coast Guard. The period of
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minimaltidalactionisknownas slacktide. It is recommendedthatsampling
activitiescoincidewithperiodsofslacktide to minimizethe effectsof tidesand
currents. Properunderstandingof theeffectsof theseactionsupononesvesseland
actingaccordinglyshouldreducethishazardto negligiblelevels.

Weather: Thevesseloperatorshallhaveknowledgeof the weatherreportfor the
areastraversedcoveringthetimethe vesselis to be underway.Thiscanbe
accomplishedby listeningto the marineweatherbroadcastfromtheNational
WeatherService(Channel2 VHFFM)or othercompetentsource. Vesselsof less
than5 nettonsshallnotbe operatedduringperiodswhena smallcraftwarning(or
higherwarninglevel)is in effect.

VesselTraffic: The boatoperatorshallmaintainan adequatedistanceawayfrom
othervesseltraffic,to avoidcollision.The boatoperatorisencouragedto monitor
U.S.CoastGuardVesselTrafficServicebroadcastson Channel 12VHFF'N"as
neededto remainapprisedof vesseltrafficin thearea.

Lights, Day.shapes and Sound Signals: The boat operator shall energize the
vessel's lights,necessaryandprescribedsafetyequipmentfor boatoperations;however,
normalboatingconditionscan quicklymakesafetyequipmentunserviceable,makingan
inspectionof thesafetyequipmentof paramountimportancepriorto gettingunderway.
The SHSOshallconductan inspectionofthevessel toensureit is in compliancewith
applicablelawsandregulationsandisencouragedto makeuse of the CoastGuard
Auxiliaryor theU.S. CoastGuardto assistin makingthisdetermination.In additionto the
requiredequipment:

Thevessel shall:

• Carrycurrentmarinechartsfor thewatersuponwhichthe vesselwillbe operated. For
_, operationsin andaroundNASAlamedatheapplicablechartis ChartNumber18650

(CandlestickPointto AngelIsland).
• Be fittedwith an U.S.C.G.approved30 inchlife ring withat least 90 feetof 600

poundcapacityline.
• Be fittedwithan operablemarineband VHF-FMradioin CH 2, 16,21 and an

alternate.
• Be operatedby a qualifiedoperator.
• Be maintainedin good workingorderandshallconformto U.S.C.G. requirementsfor

its use.

The vessel operator shall:

• Review the man overboard procedures with all individuals aboard before work begins.

• Ensure that the towing bridles and personal flotation devices are inspected weekly.
Damaged equipment shall be taken out of service.

• Provide safe access and egress to the vessel.

All individuals shall:

• Wear an U.S.C.G. approved and serviceable Type ll/or higher personal flotation
device.

• Stay clear of towing bridles or other lines under stress.
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Vessel Licensing: A vessel hired by the University must comply with 46 CFR (Code of
Federal Regulations), the boat operator must be licensed for the intended number of
passengers and the boat must have the proper safety equipment as well as current
registration/documentation. In general, six or less passengers can be accommodated on the
most limited license, more passengers requires a broader license. If the vessel is wholly
owned by the Federal government there are no licensing requirements,but the vessel
operators shall have thorough knowledge of the vessel and its operation, as determined by
a review of documentation or through live demonstration, prior to its use on any BERC
project.

Vessel Certification and Registration: Commercial vessels shall conform to the
certification requirements set forth in 46 CFR as well as additional State andFederal laws
and regulations as applicable. State registered vessels shallconform to State registration
requirements as appropriate for its use and class. Proper certification and registration
should limit any hazards associated with vessel worthiness and equipage.

SI-ISO Duties: See above for details. Summarized as follows:

• Become thoroughly familiar with the work activities to be performed on the water.
• Inspect safety equipment (may be completed by competent authority,)and verify that the

appropriate documentation is onboard (chart, registration, COLREGS). Ensure that the
vessel's marine radio is operating properly and has the capability to operate on
Channels 16, 13, another channel of your choice, and can monitor Channel 12 VHF
FM and that the SHSO's radio operates on the channel of choice, as a minimum.
Conduct a radio check between the two radios.

• Ensure that the vessel operator has the requisite licensing and is operating the vessel
with the appropriate certification/registrationas required by 46 CFR and other
applicable laws and regulations.

• Certify that the sampling team has completed at least the 24 hour OSHA training for
Occasional Site Workers. Brief observers on health and safety hazards associated with
sampling activities.

• Ensure that the NAS Alameda Operations Officer has been contacted and permission
has been _m'antedto conduct operations within the restricted water surrounding the base.

• Ensure that the vessel operator has knowledge of the tides and currents and the day' s
weather report.

• Determine if the day's activities will hindervessel traffic and issue a Notice To
Mariners if warranted.

A-4



APPENDIX B

ACOUSTIC IMAGING SAFETY PLAN

Appendix H Sediment Study Health and Safety Plan.
July 1996



UNIVERSITY OF CALIFORNIA, BERKELEY

BERKELEY • DAVIS • IRVINE - LOS ANGELES • RIVERSIDE • SAN DIEGO • SAN FRANCISCO (___ SANTA BARBARA - SAN"TA CRUZ

BERKELEYENVIRONMENTAL RESTORATION CENTER COLLEGE OF ENGINEERING

3114 ETCHEVERRY HALL # 1750 BERKELEY, CALIFDRNIA 94720-1750

June 28, 1996

Mr. Ken Spietman
EFA West, Code 18314
900 Commodore Drive
San Bruno, California 94066-5006

Re: BERC'S Acoustic Imaging Project NASA Safety Plan

Mr. Spielman,

In response to Gilbert Nicketson's review of BERC's above mentioned Safety Plan, enclosed
are two copies of the revised Safety Plan for the Acoustic Imaging survey for the Seaplane
Lagoon at NAS Alameda. Both copies contain the same revisions to the previously submitted
safety plan. In the first copy, revisions are done in italics for your convience in review. The
second copy is identical but without italics. If the revisions are acceptable, the latter copy
should be considered the draft SafetyPlan submitted for the Navy's approval and will be the
governing document for the proposed study.

Sincerely,

Patrick Williams
Seismographic Station,
475 McCone Hall
mail stop 4760
University of California
Berkeley, Ca 94720
Phone 510-486-7156

encl.: ANAS Acoustic Imaging Project, two copies

v

Telephone. 510-643-1300 FAX: 510-o43-2076 emall: berc@cuh'rberkeley,cdu



Acoustic Imaging Safety Plan 2.1

Acoustic Imaging Project
'_' Alameda Naval Air Station

Safety Officer:

Patrick Williams
Seismographic Station, 475 McCone Hall
mail stop 4760
University of California
Berkeley CA 94720
phone 510-486-7156

References:

1. Provisional Operators Manual for IKB-SeistecTM Model B3 (seismic
source).

2. Instruction Manual for EG&G Environmental EquipmentTM Model 234
(seismic energy source).

3. 29CFR 1926.106

4. US Army Corps of Engineers Safety and Health Requirements Manual
EM 385-1-1: Section 05.1 (personal floatation devices) ; Section 05.J
(rescue skiffs); Section 19 (small craft).

5. U.S. Coast Guard Regulations For Small, Craft

6. ANAS Sediments Work Plan; Health and Safety Section; Subsection
11.3 Water Safety;

7. Program Health and Safety Plan; Volume 1, Revision 3, October 1995;
Control of Hazardous Energy, Section 12.6; Portable Electric Equipment,
Section 12.19

Field supervisors (Williams and Clymer) developed a similar Safety Package
prior to conducting 6-weeks of field work with identical equipment in fall of
1994. All safety protocols have been reviewed and updated for this Safety
Package.

Introduction

This project consists of a marine acoustic reflection survey providing

detailed information on bathymetry and depth to key strata in the Alameda

Naval Air Station area (ANAS). Very High Resolution (VHR) sub-bottom

profiling will be our primary tool for these investigations.
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The VHR system consists of an electro-mechanical sound source

utilizing high voltages and high current discharges. Additionally, high

voltage power supplies and triggered capacitor banks are used and must be

operated with caution. The VHR system also utilizes conventional micro-

computer platforms for its navigation and data recording systems.

1. Hazards

1.1 Physical Hazards:

The project is being conducted on a relatively exposed vessel on the

waters of San Francisco Bay and ANAS. Wind and wave conditions can vary

considerably, but Bay conditions always involve cold water temperatures.

Electrical cables for the acoustic imaging data acquisition equipment will be

present. These cables combined with the confined deck space and wet

conditions present trip and entanglement hazards.

1.2 Fire Hazards:

There are no flammable materials being used with the exception of

vessel and generator fuels. Minor electrical fire hazards exist.

1.3 Electrical Hazards:

The VHR data acquisition system consists a several devices which utilize

high voltages and high current discharges. The high voltage power source

used by VHR consists of a triggered capacitor bank. A generator producing

l l0v AC power will also be on board. The safety systems and procedures

specified in the accompanying manual are designed prevent shock hazards

during the operation of electrical systems.

1.4 Auditory Hazards

The electro-mechanical sound source is of a type that has been in use

for approximately three decades. The VHR sound emission amplitude and

recurrence are well below hazard levels, and there is no warning requirement

1.5 Chemical Hazards:

There are no chemical hazards.
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1.6 Radiation Hazards:

There are no radiation hazards.

1.7 High Pressure Hazards:

There are no high pressure hazards.

2. Hazard Mitigation:

2.1 Physical hazards:

Standard water safety measures must be taken when operating on the

deck of the vessel. Life vests will be worn by all personnel at all times. The

survey equipment will be positioned to minimize exposed power and signal

cables and to provide a safe layout of these cables. Low beams and cables will

be marked or flagged for improved visibility. No operation will be allowed in

wave heights exceeding 1.5 feet. An industrial quality first aid kit will be kept
aboard at all times.

2.2 Fire Hazards:

_' No refueling will be undertaken while underway. All fueling will be

accomplished at mooring or at a fueling dock. One 30 cu. in. or larger fire

extinguishers, and two 10 cu. in. or larger fire extinguishers will be readily

accessible at all times and will be deployed in forward, stern and mid positions
aboard the vessel.

2.3 Electrical Hazards:

A safety manual concerning electrical hazard mitigation has been

prepared and shall be read by all members of the working crew (see attached).

University of California Lawrence Berkeley Laboratory EHS has completed an

electrical safety inspection of our acoustic imaging equipment: The LBL EHS

electrical inspectors name is Kieth Gershon 510/486-7067. Rich Clymer and

Pat Williams have completed Gershon's Electrical Safety Training class.

2.4 Auditory hazards

No environmental or personnel hazard mitigation is required
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3. Vessel Safety and Operational Procedures

Introduction

This manual is designed to illustrate and mitigate potential hazards

involved in operation the data acquisition equipment being used for the ANAS

Acoustic Imaging Project. Descriptions of required procedures for the safe

deploying and retrieving of the equipment are included. Safety guidelines for

field work aboard the project vessel are also detailed.

3.1 Standard Operational Procedures

A 28' M-_tor Vessel "Vessel Assist San Francisco", and a USCC Licensed operator
(John C. Butcher; USCG Master's License) will be employed for the ANAS
Acoustic Imaging study. The "Vessel Assist San Francisco" has a 10' foot beam
and draws 2 feet. It is fully outfitted with USCG°regulated safety equipment.
The operator of the "Vessel Assist San Francisco", will assure that marine and
safety equipment is maintained in good working order and shall conform to
U.S.C.G. requirements for its use.

The vessel operator shall:
Review the man overboard procedures with all individuals aboard
before work begins.

Ensure that the towing bridles and personal flotation devices are
inspected prior to startup. Damaged equipment shall be taken out of
service.

Provide safe access and egress to the vessel.

The vessel shall:
Carry current marine charts for the waters upon which the vessel will
be operated For operations in and around NAS Alameda the applicable
chart is Chart Number 18650 (Candlestick Point to Angel Island).

Be fitted with an U.S.C.G. approved 30 inch life ring with at least 90 feet
of 600 pound capacity line.

Be fitted with an operable marine band VHF-FM radio on CH 2, 16, 21 and
74.

Comply with all US Coast Guard and Small Craft regulations.

All project participants must review the following Standards of Operation:
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a. All individuals shall wear an U.S.C.G. approved and serviceable Type

III or higher personal flotation devices all times when aboard the

vessel.

b. When docking, care must be taken when boarding and leaving the

vessel. No jump should be undertaken when there is doubt as to

whether the vessel is in motion. A severe crushing hazard is present

during these times and the vessel calJnot be maneuvered with control

during these times.

c. Take care to stay clear of any possible collision or pinching hazard

between vessels, dock and equipment. Safety on this vessel, as

anywhere, requires staying alert.

d. Care must be taken when walking on the deck while the vessel is

underway. Ropes should not obstruct paths, and if found this way, they

should be cleared. Good housekeeping is required.

e. Regarding ropes: Stay clear of towing bridles or other lines under

stress

1. Ropes under a load must be anticipated and handled with

caution. Crushing and/or pinching is a hazard. Gloves must be

worn and dangerous hand/finger positions must be avoided.

2. Entanglement is a substantial hazard. Never entangle feet

or hands (includes wrapping of ropes around hands). Be aware

of others when operating in close proximity.

f. Familiarity with life ring location is vital. Procedure for man

overboard must be known by all crew members.

a. Man overboard procedure is as follows: (1) Yell "Man

overboard" immediately. (2) Throw life ring to overboard

personnel. (3) Bring the vessel around. (5) Keep overboard

personnel in sight at all times. (6) Retrieve personnel over stern

3.2 Equipment Deploying/Retrieving Procedure:

Safety Issues:
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a. When a load is present on any line or cable, handle with caution. See

section on rope and cable safety above.

c. Tow ropes must remain tied off to deck cleats.

Operational Issues:

a. Manpower requirements (3 total) - one handles the tow rope

(securing and controlling slack); one handles the power cables

(keeping free and avoiding excessive tension or slack); one handles the

boat-hook (controlling swing and keeping Seistec sled pushed away

from the stern of the vessel).

b. Tow rope must always be secured before deploying/retrieving.

c. Do not allow any hanging equipment to swing free. Keep equipment

securely tied off when not in use. During loading operations, all

personnel must remain out of harms way.

d. Tow rope length adjusted and power cables are secured (maintaining

adequate slack being maintained).

e. Retrieval procedure is the reverse of deploying.

4. Electrical Safety and Operating Procedures Manual

4.1 Safety Protocols for High Voltage:

The safety protocol for general Lockout/Tagout requirements and portable

electric equipment will be implemented as stated in the General Health and

Safety Plan, Revision 3, sections 12.6 and 12.19 October 1995. Electrical systems,

equipment and procedures will be reviewed by Keith Gershon , EH&S Electrical

Inspector, Lawrence Berkeley National Laboratory. Redundant safety systems

have been incorporated in the design of the systems. For example, three

separate shut-offs are available for the high voltage system:

(Switching circuit breaker on the face of the EGG power supply to open

(DOWN) Position; 2. Unplugging of high voltage power cable from EGG

power supply; 3. Shutting generator off.)

Both sea-water grounding and GFI protection is employed on all electrical

components. No electrical system will be altered while power is on. No live

wires will be handled during the Acoustic Imaging field work. Thus the

requirements specified for live wire safety under 29-CFR 1926.106 are not

applicable. High voltage components will be separated from boat decks by
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rubber mats. A set of lineman's gloves will be kept readily available to

mitigate hazard to anyone handling a potentially dangerous electrical

component during an emergency situation.

The Acoustic Source is powered by a I15V 3 kW generator and EG&G Model 234

power supply (capacitor bank). The Model 234 serves to convert I I5VAC to 3.5-

3.SKVDC, and supply this on demand to the acoustic source unit in 100 to 300

Joule pulses. The Model 234 is controlled by a timing unit to discharge at 2 to 4

pulses per second at 3.5kV. The electrical pulse is carried from the power

supply to the acoustic source by a an AWG #10/4 electrical cable of 600V

continuous rating. Note: (from Manual for IKB-Seistec TM Model B3 (seismic

source)): "The throughput energy is relatively small and well within the

capacity of the cable, high voltages are involved for only very short periods -

less than 1 millisecond."

a. To prevent shock from undetected electrical leakage (insulation

failure), the high voltage power cable will not be handled while the

high voltage system is powered.

b. The high voltage cable shall be marked with numerous wraps of

orange fluorescent safety tape

'_' c. The high voltage system is only to be powered while in test mode or

while under way.

d. The primary work area will be secured prior to high voltage

charging. All hands will be alerted to the status of the high voltage

system by the project leader (Williams), with a call of "SOUNDING

SYSTEM CHARGED". Upon shut down of the system Williams will call

out: "SOUNDING SYSTEM SHUT OFF".

d. High voltage power supply unit must be kept dry, and so is to be

situated for protection from spray and rain.

e. All equipment access panels will remain closed during active field

operation. No alteration or bypass of locked-out or tagged-out panels

will be undertaken to any powered system. All power will be shut

down and discharged prior to opening panels for any reason.

f. No system will be charged with any access-panels removed.

g. A seawater grounding conductor will be deployed and grounding

cables will be connected to the chassis of all electrical equipment.

These Grounding cables must remain securely in place:
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1. generator grounded to seawater

2. EGG power supply grounded to sea water

h. Ground Fault Interrupters will be placed at the output of all electrical

generators.

i. Primary breaker switches must be easily accessible to facilitate rapid

shut down in the event of emergency.

Note: Three high voltage shut down options are available:

1. Switch circuit breaker on the face of the EGG power

supply to open (DOWN) Position

2. Unplug high voltage power cable f:om EGG power supply.

3. Shut off generator.

4.2 Operating Procedures and Safety Protocols for llSVAC powered

systems:

a. The electrical cords and cables must be kept neat and organized.

Stepping on cords must be avoided to prevent abrasion. Condition of

electrical cables must be checked daily before operation begins.

b. Read accompanying materials (sections 2.3 and 3.2.3. for handling of

Seistec and EGG power supply..

c. Car batteries used for various systems can cause shocks; do not touch

both terminals at once.

d. Know shut off options for utility AC power:
1. Generator shut off.

2. Plug patch panels.

3. Equipment shut-off.
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APPENDIX D

RESPONSES TO COMMENTS

ON DRAFT WORK PLAN



Response to Comments on Intrinsic Sediment Processes Study Draft
Work Plan

Comments on the DraftTreatabilityStudyWorkPlan,IntrinsicSedimentProcessesStudy,were
receivedby the BerkeleyEnvironmentalRestorationCenter(BERC)on 12December 1996. The
following responseswerepreparedby BERC as a follow-upto the comments. Responsesare
requiredby the U.S. Navy aspartof the technical review of the workplan, with some responses
resultingin changes in the text of the work plan.

Commentswerer_ceived fromseveralgroups, includingthe US EPA, PRCEpvironmental
Management,Inc., the Navy' s EnvironmentalSciences Divisionof SanDiego, and several
personsanda subcontractorassociatedwiththe Naval FacilitiesEngineeringServices Center
(NFESC), PortHueneme,CA. Some generalresponsesto recurringcommentsare addressed
immediatelybek, w, andthe text forthese responseshas been incorporatedintothe WorkPlan.
Responses to specific sets of commentsfollow the generalresponses:

GeneralResponse A: Intendeduses of informationfromproposedstudies.
The studiesto be conductedby BERC are primarilyintendedto provide datato be used in the
context of a feasibility study that will be preparedby the Navy's contractor,PRC. Some studies
will provide informationon baselineconditionsagainstwhich consequencesof remedialoptions
can be compared,and PRC may also use these datain ecological assessmentsif the dataare of the
appropriatequality (thatis detectionlimits, analytes andmethodsarecomparableto PRCdata).
Remedialalternativesthatmaybe consideredin the feasibilitystudyincludeleavingsedimentsin
place,or the partialremovalof sediments. Active remediationoptionssuch ascappingof
sedimentsin place or in-situtreatmentof sedimentshave also been suggested,and the disturbance
of sedimentsduringactive remediationandthe relatedshort-termexposurepathwaysduring
remediationare of concern.

The studiesconductedby BERC are not intendedto completelydefineany of the remedial
alternatives,but ratherareplannedas innovativeapproachesona limitednumberof samplesto
providean additionallevel of understandingregardingthe intrinsicprocessesand conditions,and
to addresssome aspectsof selectedremedialalternatives. This informationwill be used for the
evaluationand selectionof the remedialactionsunderconsiderationby the Navy. BERC
investigatorswill contributeto those evaluationsby the Navy and itscontractorsas requested. For
this set of studies, innovativemethodsarethose proceduresand measurementsthat are not in
routineuse noravailablefrom commerciallaboratories,and which can be implementedusingthe
expertise and sometimesuniquefacilitiesavailableat the Universityof Californiaat Berkeley
(UCB), Lawrence BerkeleyNationalLaboratory(LBNL),andLawrenceLivermoreNational
Laboratory(LLNL)

GeneralResponse B: Chemicalsof concernandneed forsite-specificdata.
At the time of the preparationof the workplan, the risksassociatedwith specific chemicalspresent
in lagoon or wetland sedimentshave notbeen determinedby the Navy. Basedon limitedsite data,
the chemicals of potentialconcernas identifiedby the Navy are metals,PCBs andPAHs, andthese
chemicals have commonlybeen of concern in sedimentsatothersites. While there is literaturethat
generallydescribesthe behaviorof these chemicals in sediments,the environmentalsettingsof the
SeaplaneLagoonand the WestBeach LandfillWetlandswillbe uniquein termsof depositional
history and chemical constituentdistributioncomparedto the literatureinformation.Therefore,a
site-specific understandingof how these chemicalsarebehaving,ormay behave in the future,is
importantfor selecting remedialactions- especially if the optionof leavingof sedimentsin place is
to be considered.
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A number of studies will be conducted by BERC to address topics of geochemistry, toxicity,
bioavailability, water flow, and the transformationof chemicals in sediments. A major focus of the
studies is to elucidate the processes that currently control the site-specifictransformation and
transport of chemicals in undisturbedsediment systems. These studies then will help def'methe
extent to which "intrinsic processes" in the undisturbedsediments control the toxicity, availability,
or concentrations of chemicals in exposure pathways. Toxicity and bioaccumulation tests will also
be conducted, with these empiricaldata then related to the composition and geochemistry of the
pore water sediment. Knowledge of the geochemistry is also important for an evaluation of the
potential for release of chemicals should the sediment be disturbed. Other studies related to
methane generation in sediment and water flow are important for their implications to remedial
options such as capping. This informationwill be containt,d in individual technical reports, and
then summarized and integratedin a final report to the Navy.

General Response C: Selection of sampling locations, and use of data to estimate nacre a-0dextent
of chemicals present.
BERC studies will be conducted on samples collected from areas of the lagoon and wetlands that
previous studies have shown the highestchemical concentrations, and thus are the more
problematic for demonstrating intrinsic processes. Some of the studies will use innovative
approaches that will use the expertiseand unique facilities of the BERC investigators. Given that
innovative methods have more uncertaintiesthan data from more routine methods, it is important
that some complementary informationalso be collected for some samples and methods to better
define the sample character, behavior,and consistency among methods.This information then
assists in defining the quality of the measurementin terms of the accuracyof the data and what the
measurement represents.

The limited sampling locations arenot intended to provide data on the nature and extent of
chemicals present in the lagoon or wetlands. However, some information collected in the BERC
studies is expected to be useful for extrapolationof the data to other locations at the sites.
Extrapolations of data will be accomplishedby collaboration of the BERC investigators and the
users of the study results withinPRC and the Navy, within the context of the uncertainties in the
extrapolation of the data.

Genera!Response D: The level of detail providedby the BERC studies of intrinsic processes.
In the planning of data collection and uses, it must be recognized that including intrinsic processes
as a part of a feasibility study/remedialaction selectionfor sediments requires a somewhat different
approach compared to the use of activeremediation measures. The most critical differences are that
the intrinsic (natural and/or undisturbed)processesare usually less buffered, more spatially
variable, and less certainly definedthan when active (or externally-induced)measures are applied;
the time scale for the intrinsic process is also often longer than for active remediation. Therefore,
multiple lines of evidence are important to conclusivelydemonstrate that the intrinsic processes are
occurring and to determine therate-limitingprocesses. Such demonstrations usually require
monitoring of several site-specificparameters and conditions that are used in the context of
conceptual and mathematicalmodels,and which together support the conclusion that the natural
(intrinsic) processes are occurring. While such activities might otherwisebe regarded as a
characterization effort, they have direct relevance to the issuesof treatabilityof the sexliments,or
the consequences of imposingcertain sediment management techniques. The evaluation of
intrinsic processes as part of a remedialplan are then distinct from active remediation processes
where external sources are used to enhance or overwhelm a natural condition, and where responses
to the changed condition can be unambiguouslydetermined (for example, a proportional chemical
concentration decrease in response to applied enhancement.).
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General Response E: Statements of data quality objectives.
Data quality objectives (DQOs) are critical to obtain data that are acceptable for their intended uses
in ecological assessments or feasibility studies. As discussed above, the BERC studies primarily
will rely on innovative methods to evaluate intrinsic processes in sediment systems. Such
innovative methods have less experience from which to predict method performance, and this
limitation includes the effects of matrices, outside interferences, and possibly other environmental
variables (temperature, water quality, etc.). With regard to estimating rates of intrinsic processes,
the rate of a process is a function of these natural (intrinsic) properties of the system and which are
always site-specific. To provide data that meet the intent of the DQO process, the studies to be
conducted by BERC will be subjected to a thorough review process that includes independent
reviews by the Principal Investigator and the Coi.tractor Quality Control Program Manager
(CQCPM), a meeting of selected experts to critically review data and results, and a peer review of
written reports conducted by the CQCPM. These quality control and quality assurance steps will
then provide data of the highest quality for an informed use by the Navy and its contractors in the
decision-making process.
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Response to Comments of PRC

General Comments ,_,
Some issues raised by PRC are discussed in the General ResponsesA and D above. The bulleted
items at the end of PRC's General Commentsnicely summarizesome of the information that will
results from the proposed studies.

With regard to organizationof the Work Plan, it was written anticipatingan audience with different
interests. Section 3 was intended to be an overview of the studies, with Sections 4 and 5
providing the more technical information. The StandardOperating Procedures (SOPs) are intended
as stand-alone documents ior use in the laboratoriesand in the quality assurance/audit process.
Combining Sections 3 and 5 along with the SOPs would provide a more integrated presentation of
the technical topics, but the length and technical detail for each topic area would have been more
difficult to understand for most readers. Responses to two additional comments provided by PRC
are given below.

2nd and 3rd paragraph: "The Treatability Study Workplan ....does not provide
typical" "Two treatability studies are included in the Intrinsic Workplan ...... "
The Workplanprovidesadvancedcharacterizationmethodsandanalyses to addressintrinsic
processes operating in sediment systems, and which are not based on an externally-controlled
technology (please see General ResponsesA and D). Success or failure treatability criteria for a
method are then not defined in this Workplan because the effort is directedat quantifying the
naturally-controlled, ongoing, processes of burial (sediment deposition), transport, and
transformation. The data to be generatedwill assist in answering questions related to current and
future exposures associated with in-place sediments.

Page 1, 4th paragraph: "Treatability studies do not need to include the detailed
information ....A brief statement of the problem ....... "
BERC heartily agrees with this comment,and future Workplanswill minimize inclusionof detailed
data from earlier studies.

Specific Comments

Table 2-6: "The PRC data in Table 2-6 ....The text and table are unclear ...."
The correctionthatthe dataare for 28-daylaboratorybioaccumulationtests anddidnot use
organismsfrom site will be includedin the text.

Figure 2-8: "This figure represents monitoring wells and boring
locations ...... This may be an error in references."
The reference did not intend to suggest that the monitoringwells were installed by E&E, but only
that the wells were cited in the E&E document.

Page 2-3, Sect. 3.7, page 3-9, 1st paragraph: "Can the Pb-210 profiling
distinguish between sediment ..... "
The Pb-210 technique measures only the radioisotopeconcentrationfor a sample, and not the
source of the sample. However, using grain size analyses of the 2 cm slicesevery 20 cm in the
core may permit resolution of outfall sandscompared to silts and clays contributed by San
Francisco Bay, and this information along with chemical analyses may be interpreted as to sources.

Page 3, Sect 3.7, page 3-9, 2nd paragraph: " ....there is most likely an upward
groundwater gradient in the Seaplane Lagoon."
The scope of the Workplan relates to measurementof the intrinsicprocessesof fluidexchange
through Seaplane Lagoon sediments, which will then quantify the suspected gradient. Piezometers

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study

Response to Comments - Appendix D, Draft Final 4 February 1997



placed perpendicular to the north seawall of the Lagoon will assess the fluid flow and its variations
in one transect of the Lagoon. Unless PRC data show that the Merritt Sands are consistent and
reasonably homogenous under the lagoon, we will not be able to assess fluid exchange and
gradient throughout the lagoon.

Page 3, Sect. 3.7, page 3-9, 3rd paragraph: "(A) Tidal influence cannot he
determined with slug tests. (B) It has already been determined ...."
Slug tests will be used to determine local hydraulic conductivity. BERC's main focus is to
establish quantitativewater fluxes from the landfill to the wetlands,and the influence of tidal
fluctuations.

Page 3, Sect. 3.7, page 3-10, 1st paragraph: "It has already been determined that
the seawall does not prevent hydraulic connection ...."
The TDS data and tidal influence in the monitoringwells is not quantitative information for
assessing water flow dynamics. The focus of BERC studies is a water balance for the wetland to
determine water flows and exchanges with the Bay and the landfill. Accurate water level
measurements in the wetland are a non-invasiveand simple tool that should rapidly indicate
seepages are significant for contaminant transport.

Section 4.0, Page 4-1, third paragraph: "The text states that initial cores will be
examined to "confirm that the cores are representative of expected site
conditions" ...... "
The sediment core can be viewed through the transparent polycarbonateliner. Based on the
acoustic imaging results and recent borings in the lagoonby PRC's subcontractor team, the recent
sediments overly the Merritt sands. The recent sediments are an olive green in color, and the
Merritt sands are a yellow brown. Any other colorations or obvious layers would be evidence of
heterogeneity that would be of concern for the representativenessof the sediment samples.

_, Section 5.3.1.1. Page 5-12 and SOP 25.3: "The porewater extraction method
involves centrifuging the sample ....... the text in Chapter 5 and the SOP indicate
that centrifuged samples will be filtered."
The sample will be passed through a 20 micron Nitex mesh to remove organisms (predators) that
may interferewith the toxicity testing; this procedure is not intended to be a filtration to control
particulate size. BERC prefers to collect the pore water as the supernatant from centrifugation of
samples at 2,500 g. This procedure is that used in past testing procedures on SF Bay sediments by
the LBNL/LLNL team, and because it is used in the StateWater Resources Control Board's Bay
Protection and Toxic Cleanup Program throughout California. The toxicity data from BERC can
then be compared to this database.

Sect. 5.5.4, page 5-29, 1st and 2nd paragraphs: "While the text does not state
that the culvert will be blocked during this study, it is implied."
While blocking the culvert for a 48 hour study period would have been relatively easy and not
disruptive, the plan as stated is to undertake water level monitoring following wetland recharge by
a high tide without blocking the culvert.

Section 5.6.1. Page 5-30, second paragraph: "Please remove the reference to
Seaplane Lagoon dredge material .... placed in ... Wetlands."
The reference to dredgematerial being placed in the wetlandswill be deleted from the text because
there is no documentation of this occurrence.
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Sect. 5.6.2, page 5-37, 2nd paragraph: "The text states, "The carbon isotope
ratio data from these studies will demonstrate whether intrinsic

biotransformation .... If this technique is capable of determining whether or not
biodegradation is occurring .... "
Microbial processes will be assessed with a combination of measurements that provide
complementary lines of evidence that intrinsic processes are occurring. Carbon-14 is useful for
distinguishing recent versus aged organic matter, carbon-13 is a very sensitive indicator of
microbial isotopic fractionation compared to inorganic reactions, and carbon dioxide and methane
provide additional evidence of microbial transformation pathways associated with carbon
transformation.

Section 5.6.6. Page 5-42: "this study should he conducted in containerized plots
and notin the native soil.., of the site"
The studies to assess the rate of transformation of chemicals in soil were designed to most closely
simulate actual processes in the field, including seasonal influences (weather, plant growth, etc.).
The experimental approach has been revised to contain the soil in a lined container in the ground,
and with a leachate collection system to capture percolating water.

Removing the soil into the laboratory has complications in that seasonal influences must be
controlled using artificial light, water cycles and other measures, thereby increasing costs as well
as adding uncertainty to the extrapolation of the data to actual environmental conditions. It is also
must be recognized that experiments on a laboratory scale are of a limited size, and that such
limitations impose severe constraints on the processes that would occur in natural systems; stated
another way, laboratory microcosms often reflect the influence of system boundaries rather than
the influence of the unrestrained natural system. In an obvious example, the growth of plants
native to NAS Alameda is difficult in a confined laboratory setting, and therefore the results of the
laboratory study will be difficult to extrapolate the field conditions.

SOP 25.1: "Sediment collection techniques assumes the use of a
boat ....... southern pond is dry and the northern pond ..... "
A boat will not be used for sediment sampling in the wetland area because of the shallow water
expected. However, the sediment cores will be collected using same "push" coring method by
wading into the shallow water and then placing of the corer into the undisturbed sediment.

Additional Comments: "If BERC is planning to sample before the rainy
season, .... If sampling is to be conducted after the rainy season..."
BERC has requested that PRC select the sampling locations for the various BERC studies so that
the results will be maximum value in PRC's risk assessment and feasibility study efforts. While
BERC has the expertise to conduct the proposed studies, PRC has a better perspective on what site
locations and concerns are of paramount interest to the Navy.
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Response to comments of Ned Black, US EPA

1. Page 3-8, last paragraph of Sect. 3.6: "more information ...... used to evaluate
equilibrium partitioning."
The model is described in Sect. 5.4.3 Sediment/Water Partitioning Equilibrium and is based on
empirical correlations that utilize information on sediment organic carbon fraction and the

• ' W .... "chemicals octanol- ater partition coefficlent. Direct measurements would reqmre development of
sediment partitioning procedures, phase separation procedures, and analytical organic chemistry
methods that are time consuming, but that do have literature precedent. It should be particularly
noted that partition coefficient measurements for hydrophobic chemicals (PAHs, PCBs) are highly
susceptible to removal of the finer particulate, and such data can be regarded as being operationally
defined by the experimental procedure; it is BERC's judgment that the empirical correlations are
sufficient for the requirements of the Navy.

2. Pg. 3-11 last paragraph of section 3.8: "Will field spikes of PCBs be
necessary?"
It is not planned to do field spikes of PCBs because of the expected recalcitrant behavior and
toxicity of some PCB congeners, and associated waste disposal of the soils.

3. Pg. 5-1 Section 5.0. "This section would be easier to read if the individual
project .... "
Rather than revising Section 5 to include the SOPs, a table relating SOPs to the sections has been
developed for easy reference (Table 5-3).

4. Page 5-7 to 5-8, Sect. 5.2.4: "Drying and subsequent handling will not affect
the chemical state ..... "
The sediments will be freeze-dried and not exposed to air during handling procedures. The
sediments will be handled in an inert atmosphere and be stable to any changes once the water is

'_' removed from the sediments.

5. Pg. 5-14, Section 5.3.2: "the Workplan should make clear that the depths of
the 0-, 1-..."
This clarification will be made in the text.

6. Pg. 5-40, Section 5.6.4: "Will the reactors be sampled anaerobically?"
The reactorswill be "sacrificed" forsampling,therebydestroyingthe anaerobiccharacterof the
system. The concentrationsof the PAH andPCBconstituentsof concern are stableto oxidationat
ambientconditionsandarenot expected to be affectedby the systembecomingaerobic;the
constituentswill be extractedfor analysis withinthe prescribedholdingtimes.

7. Appendix B, SOP 26.3, Sediment Bulk and Mineralogical Analyses, Section
5.2. "Oxidation can take place in the absence of water .... "
The samples will be preparedin aninert atmosphere. Additionally,spontaneousoxidationof
sedimentsamples in the absenceof wateris notexpectedto be importantprocess

8. Appendix B, SOP 30.3, Intrinsic Transformation of PAils and PCBs in
Anaerobic Sediments, Section 5.0.The third gas is hydrogen, and the gas mixture should be
listed as 85:10:5of nitrogen,carbon dioxide, and hydrogen. Finally,as discussed above the
reactors will not be sampled anaerobicallyas the chemicals of interest (PAHs and PCBs) are not
particularlysensitive to exposure to air.
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Response to Comments of Barbara Johnson, NFESC,

General Comments
"...from the Navy's perspective, the usefulness of the data, in terms of the
Navy's objectives, has not been adequately described."
Please see the General Responses A, B, C, D and E that addressmany of the comments from this
reviewer. Some of the reviewer' s comments on Sections 1 and 3 requested more detail than was
planned for these sections. Section 1 was only meant as an overviewof the project concept and
history. As the section title states, Section 3 was only intended as an overview of the project and
its component studies. Sections4 and 5 provide more technical detail, and the SAP (including the
SOPs) provide specific p_oceduraldetails. In responseto provide a more explicit connection
between the measurements and data uses objectives,Table 5-3 has been prepared.

Specific Comments
Page 1-1, Para. 1. (Section 1.0) "The study will evaluate whether intrinsic
processes are transforming or immobilizing chemicals released by past operations
into sediments at Sites 2 and 17 ......"
Please see items A and E in the GeneralResponses. Section 1 is an Introduction section that is
intended as a very general presentation of the project origin,organization and general purpose.
The statement quoted is one general purpose of the project, and these data may be used by the
Navy in remedial action selection. Given the innovativenature of the measurements and the
intrinsic nature of the processes being investigated,it is yet unknown as to specific utility of the
data, but the methods do have considerable promise to provide a more complete understanding of
site conditions. However, BERC and its investigators will not be directly involved in the selection
process.

Page 1-2, Para. 3. (Section I.I) Study will also estimate rates at which
chemicals are likely to move form sediments into surrounding waters under
disturbed conditions .... "
Please see General Responses A and C. The studies are intended to support the evaluation of a
number of technologies, and no study or set of studies by BERC will be complete to solely support
a technology selection.

Page 1-3, Para. 2 (Section 1.2) "States DO 4 authorizes for Site 17:..."
The DO does not specifically address the purpose of the study or the end use of the data. Please
see item A in the General Responses regarding the purpose of the proposed studies.

Page 1-3 to 1-4. "Lists data to be collected by the various participants - how do
these tasks relate .... "
The tasks cited on page 1-2 are only general descriptions of the types ofstudies to be performed,
and the activities at the individual facilities are listed for general information. The actual persons
responsible for specific studies are listed elsewhere in the Work Plan (Section 9, Project
Management). It should also be recognized that PRC 'is responsible for preparing the Site
Investigation/Feasibility Study reports.

Page 1-4, para. 1 (Section 1.3): "States low levels of contaminants are due to
intrinsic remedial processes..."
It is not intended to suggesthat the low levelsof chemicals in sedimentsare due to previous
transformations, only that the concentrations are possibly low enough that such that there are no
toxic effects that would prevent transformationreactions (the word "continue" will be deleted to
clarify this issue.) With regard to dredging, the lagoon is reported to have been dredged once, and
the sediment layer of major interest is believedto reflect deposition since dredging. With regard to
metals, the statement regarding speciation is based on general sediment chemistry that needs to be
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determined for this particular site; however, it is believed that some metal in a particulate form
(particularly as paint chips) have entered the lagoon.

Page 1-4, para. 2 (Section 1.3): "This paragraph now implies the purpose of this
study is to evaluate sediment remediation options, ....How will data from this
study be used to evaluate remediation options?"
As discussed above in General Responses A, B, C and D, the results of the BERC studies will be
used in the screening and selection of remedial options, including that of considering intrinsic
processes to be part of an limited or no action alternative. The Navy has specified that Sites 2 and
17 are of interest for these studies, and that PAHs, PCBs and metals are of concern. As discussed
above, the results of the BERC studies will be used by the Navy along wi.'hthe data of PRC to
evaluate and select the remedial option.

Table 1-1: "'Who's SOPs/SQPs are these - that needs to be iaentified .... "
The SOPs aAldSQPs listed are those of BERC, and are part of the Contrat.torQuality Control
Program Plan. They can be obtained from the BERC office. The SOPs prepared for this project
are located in the SAP, and will be the basis for the QA/QC audits.

Page 2-5, para. 2 (Section 2.2.1). "Reference to Figure 2-6 the Sewer Outfalls
are not labeled..."
The outfall are designated by letters of the alphabet,and only the outfalls of interest to the lagoon
are listed in Figure 2-6.

Page 2-8, para. 1 (Section 2.2.3) "Was the lagoon ever dredged?..."
Information on dredging activities in the lagoonis unsure, and this information and other historical
information is summarized in PRC reports. The proposed studies by BERC and other
investigations by PRC will develop the informationfor evaluatingthe potential remedial options.

Page 2-8, para. 4 (Section 2.2.4) "...refers to this as a treatability study, but
according to Section 1 it is not ...."
As discussedin items A andD in the GeneralResponses, the characterizationof the intrinsic
processes is being conductedin the context of usethe datain a feasibilitystudy.

Page 2-12, para 4 (Sect. 2.2.4.2): "This is the first mention of radiation
measurements to be taken. Why were measurements taken?"
The text refersto datacollected by others priorto the initiationof the Workplan,andwas included
only to describesite conditions. An evaluationof the natureandextentof anyradiation-related
materials is not in the scope of studiesto be conductedby BERC.

Page 2-15, first line "Are any US Federal rare, threatened or endangered species
present? .... "
The reference should be to Section 2.3.3; BERC notes that Section 2.3.2 does not exist. PRC is
responsible for the evaluation of ecological issues and therefore PRC should be contacted
regarding and at-risk species or habitats. All work in the wetlands will be cleared through the base
biologist.

Page 2-15, para. 2 & 3 "References previous studies/investigates done, ..."
Theinformationis cited to describethe conditionsat the site. As discussedin items A andD of the
GeneralResponses,the BERCstudieswill use innovativemethodsto elucidatehow intrinsic
processescontrolsite conditions,andthis informationwill be usedby the Navy in the evaluation
of remedial options.
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Page 2-16, top of page "References Figure 28..."
The reference should be to Figure2-8.

Page 2-16, para 1 & 2 "Findings of PRC-conducted SWAT not presented ..... "
The SWAT is mentionedin a historicalperspective,andthe datafromthe PRC studieshave been
used in planningthe proposed work.

Page 2-17, last paragraph "What is the source of this data - who's study?"
As cited in the referenced figures, the 1992tidal influencestudies are reported in the 1994 PRC
SWAT study (1994b in reference section).

Page 2-19, para. 4 "Again, refers to this as treatability study - conflicting with
Section 1."
Please see items A and D in the GeneralResponses.

Page 2-19, para. 5 "Refers to data summary tables - which tables and where are
they?"
The summary data are contained in Tables 2-12 through 2-16.

Page 2-20 para. 2, 3, & 4 Reference the study - name of study, who did, and
date."
As introducedat the beginningof Section2.3.5, the referencesfor the ecological assessmentand
the SWAT investigationare PRC 1994aandPRC, 1994b,respectively.

Page 2-21, para 4 (bullet 4) "Radiation levels need to be compared to
naturally ..... "
The issueof radiationis not within the BERC scope, but is providedfor informationonly.

Page 2-22, para. 1 "Reference for ecological study - who did and when?"
As introduced at the beginning of Section 2.3.5, the references for the ecological assessment and
the SWAT investigation are PRC 1994aand PRC, 1994b,respectively.

Page 3-1, para. 1: "work plan for site characterization and treatability study with
objectives listed .... "
Please se General Response A. The opening text of Section 3 has been revised to incorporate
some information contained in the General Responsesabove. The objectives are the three main
categories in which data from the proposed studies may be used. Section 3 was written so that the
lay reader could understand the purpose of the studies. As indicatedby the heading for Section 3
("Overview of Proposed Project ..."), this section was intended to inform the reader as to the
overall scope of the proposed work and to be less technical.

Page 3-1, para. 3: "Acoustic imaging to define stratigraphy is difficult is two
such similar materials ...."
The informationfrom the acousticimagingtaskwill be comparedto the boringlog datafromPRC.

Page 3-1, para. 4: " develop data to simulate .....sediment disturbance. Is this
referring to developing a computer .....
A computersimulationmodel will be used to verifypore water chemistry;this model will also be
applied to some hypothetical disturbance scenariosand compared against the disturbance toxicity
tests. However, the text that states that the "expertise of ... staff., will develop data ... simulate ...
chemistry and toxicity ..." refers to experimentaldesign and interpretationof the data. The
disturbance studies are planned as extensionsof the sediment geochemistry and toxicity studies
where only the water/sediment exchange variables are modified beyond the natural conditions.
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Page 3-2, top of page: "Implies this is an experiment using methods at a few
_' selected locations..."

Please see General Responses A and C.

Page 3-3, para. 1: "States Navy sources contributing to metal load is not
known ..... "
These questions are not within the BERC scope, and PRC is currently preparing the RI report.

Page 3-3, para. 3 (Section 3.2): "Another statement of purpose of study - assess
speciation, toxicity and natural p.'ocesses ...."
Please see General Response A. Also, Figures 3-1 and 3-2 present a more complete summary of
the scope of the proposed studies.

Page 3-4, Section 3.3 to 3.9: "How do these tasks and their results relate to
objectives ...... "
Again, please see General Response A and the individualstudy descriptions in Section 5; Table 5-3
also relates the tasks to data use objectives.

Page 3-4, para. 2 & 3: "What about shallow water effects and echoes off sea
walls .... "
These are effects that the investigator must assess in the field, and will be discussed in the report
for this task.

Page 3-4 to 3-12 (Section 3.3 to 3.9) "Need to identify/relate these tasks to
objectives, to DQOs, show how data will be used..."
Please see Table 5-3 referenced in the beginning of Section 5.

_P' Page 3-7, para 1: "To compare toxicity ....."
The toxicity will be measured in pore water and in the SWIC system, and any increase in toxicity
in SWIC system will be attributed to contact with sediment.

Page 3-8, para 3 (Sect. 3.7): State "The data for evaluating chemical transport in
sediments will be obtained from measurements on sediment cores. What
measurement, how done?"
Page 5-26, Sect. 5.5.2 describes the measurements to be conducted. Additionally, the evaluation
of geochemistry in the sediment layer will also help an assessment of the movement of constituents
in the sediment.

Page 3-9, para 1: "The measurement of sediment properties as described are
standard tests ....why do they need to be run at a research lab?"
Soft poorly consolidatedsedimentsare very difficult to characterizeusing standardgeotechnical
testing techniques and must be conducted under expert supervision. The UC Berkeley
Geotechnical Engineering Laboratory pioneered in the development of such tests and has the
expertise to conduct the measurements. Consolidation tests will determine hydraulic conductivity
as well.

Page 3-10, para 1 (Section 3.8): "The last sentence refers to a remediation
alternative - sediment capping. "
Please see GeneralResponse A and Section 5; Table 5-3 presentsa summaryof how the datafrom
the various tasks may be used in remediationplanning.
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Page 3-12, para 1 & 2 (Section 3.9): "How does this task relate to tasks in
Sections 3.5 and 3.6?"

The tasks to investigate disturbedsediment scenariosare considered as straightforward and _,
complementaryextensions of the geochemicaland toxicitymeasurementsperformed on the
undisturbed systems. These tasks will provide some comparative informationon the resulting
effects if the sediments are slightly disturbed (such as by prop wash, dredging, etc.)

Figure 3-1 and 3-2: "This information needs to be related to the stated
objectives ..... "
Please see table 5-3 in Section 5.

Page 4-1, para 1: "....expected lateral heterogeneity of samples ....implies a
computer model will be developed ...."
The Workplan has ot tlined a limited samplingeffort but a detailed characterizationof those
sampleswith depth. The lateral extent of contaminationwill not be determined in this effort and
models will not be developed to apply site wide. However, the Navy, PRC and BERC may
extrapolate information from the modeling if all agree that such data uses are appropriate. BERC
reports will clearly state the basis for any such extrapolation of results.

Page 4-1, para 2: "Establishing accurate depth profiles of chemical distribution,
chemical speciation, .....Under which task and with which test/analysis will the
information be gathered?"
This information is discussed in Section 5, and is summarized in the tables in Section 5. The
comment on collecting contingency samples is appreciated, and while some contingency samples
will be collected BERC believes that most sediment cores shouldnot have holding times of more
than a few days for most of the planned measurements (particularly,geochemistry, toxicity, and
physical testing).

Page 4-3, para 3: "Soil gas testing - which task in Section 3 will this fall under?"
The soil gas measurementsrefer to Section3.8 where the isotoperatiosof carbon dioxide and
methane will be measuredfor evaluatingthe transformationprocesses.

Section 5: "How do these test/analyses descriptions relate to tasks in Section 3?"
Pleasesee Table 5-3 in Section5.

Page 6-1, para 1: "Project objectives stated as ....determine toxicity and
migration ....establish the time course...evaluate the impacts..."
These are some of the uses of the data, and the measurements and uses of the data are summarized
in Table 5-3..

Page 6-1, para 2: "....and organochlorine pesticides and trace metals."
Pesticides will not be studied due to analytical costs. References in the Work Plan to pesticides
will be deleted so as to avoid the appearancethat pesticides will be studied.

Page 6-1, para 3: "Last sentence says "...sediment ingestion.." is "ingestion"
intended, could direct contact also be a factor?"
Directcontactof sedimentswith benthicorganismsmightbe a routeof exposure.

Page 6-2, top of page: "What, if any, "special precautions" can be taken?"
Specialprecautionsrefer to the possibleuse of a silt curtainduringdredgingcomparedto
confinementby sheet piles. Siltcurtainsmightcontainturbidityplumeswhile sheet piles would
confine movementpore water and resuspendedparticles.
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Page 6-2, para 1: "Last sentence does not make sense..."
Disturbanceof contaminatedanduncontaminatedsedimentscancause toxicity if porewater
containselevated levels of hydrogensulfideor ammonia,orif the disturbedsedimentsareoxidized
and release metals.

Page 6-2, para 2: "How will this information be used to help select a remedial
technology?"
A majorpurposeof the studies is to assess in situ sedimenttoxicity andevaluatethe needfor
remedialtechnologies.

Page 6.2, para 2: "Assuming there has been no disturbance of the sediment
profile .... "
Acoustic imaging preliminary results suggest a layered structurein the Lagoon sediments,
indicating a quiescent depositionalenvironment.

Page 6.2, para 3: "field scale water flow studies ....Which task in Section 3 does
it fall under?"
This is mentioned in Sect. 3.7, Transport Processes Assessment, page 3-9 and expanded on in
Sect. 5.5.3. Measurement of Seepage Fluxes in Seaplane Lagoon (page 5-28) and Sect. 5.5.4,
Tidal Influence Study in Landfill Wetlands (page 5-28).

Page 6-3, para 3: "intrinsic remediation of fuel HC in relation to study of PAH's
and PCB's"
Pages 2-10 and 2-12 discussTPH datain sediments,page 1-4refersto the needto include
analyses for fuel hydrocarbons "because they influence the rates of transformations of chemicals
and they influence the mobility of both metals and other organic chemicals." Sect. 5.6.1 is on
Fingerprinting PAH's, PCB's Hydrocarbons, and Hydrocarbon Tracers (page 5-30). Data will be
used to understand the sediment matrix and provide a more complete picture of sediment organic

_, matter.

Page 6-4, para 1: "Since 'lateral heterogeneity' is expected, how can the
assumption be made ..... "
Intrinsicbioremediation rates will be assessed at the location where data is collected and not
extrapolated for the whole Seaplane Lagoon or wetlands area unless the Navy, PRC, and BERC
agree the data are consistent across these areas and the extrapolation is appropriate.

Page 6-5, para 1: "estimates of consolidation, is this the same as
"compressibility"?"
These are referring to geotechnicalengineering consolidation tests.

Table 7-1: "These DQOs are very generic, not appropriate at this stage of the
effort."
Please see GeneralResponseE and Table 5-3. Dataqualitywill be reportedso thatPRCmayfully
understandthe applicationand limitationsof the data.

Page 8-1: "The reports need to be related to the DQOs and present studies and
results ....... "
The data uses are summarized in table 5-3. BERC will retain copies of the data for a period of time
agreed upon with the Navy, and the original data will reside with the lead investigator for the task.
Individual reports for the tasks and a final summary report are the deliverables for the project. The
data collected in the various studies will be of a different type than usually obtained in more routine
investigative approaches, but will be completely reported so that Navy may manually compose a
database.
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SAP: "For the SWIC, under Specialized Equipment, a reference is made to the
Work Plan Section 5.3.2 ....... "
A figurewas left outof the SOP27.2, andwill be providedto the Navy.

SAP: "There is nothing on the soil gas test..."
The soil gascollectionprocedureshave been developedpreviouslyandappliedin the Intrinsic
BiotransformationTreatabilityStudy.

SAP: "The relationship of the contents of the SAP, Section 5 and Section 3 of
the Work Plan needs to be explained ......"
As discussed above, Section 3 was intendedas anoverview of the studies,and Sections4 and 5
providedmoretechnicaldetails. The SAP, includingthe SOPs,provideproceduralinformationin
the context of a treatabilitystudyandwillbe thebasis forthe QA/QCaudits.

HSP: " The HSP is good;..."
The preparationof the HSP has benefitedfrompreviousprojects

HSP: "No mention of protective requirements for samples ...."
PRChas previously found no radioactivityof conernand handledsamplesin the customary
manner.
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Responses to comments of Gregory S. Durell, of Battelle Ocean
Sciences

General Comments
(2nd Paragraph, page 1) "...data generated in these studies directly used in the
decision making processes."
Please see General response A. A table listing the measureddata and datauses has been prepared
and is included in Section 5 of the Work Plan. While all of the methods are based on scientific
principles and all data will have some potential application to understandingsite conditions and/or
evaluating remedial alternatives, it is realized that some data will have more value than others in the
decision making process. Such data could be obtained in a phased program, but the time is not
available for a phased approach, and the apparent cost savings may be offset by the remobilization
and resampling activities. As discussed elsewhere, BERC is not preparing the feasibility study or
the risk assessment, but a final report will be prepared for the delivery order. This report will
compare and integrate the data collected from the different studies, as appropriate, as it pertains to
the evidence for intrinsic processes that control site conditions, and for implications of study
results on several potential remedial alternatives. This report will be used as a resource by the
Navy in the preparationof the feasibility study.

(3rd paragraph, page 2) "...rates of degradation and mobility of PAH, PCB, ...
described in the scientific literature..."
Please see General Response B. The transport and transformation processes for various chemicals
are generally described in literature,but some NAS Alameda, site-specificdeterminations are
important for understanding the site-specific behavior of these chemicals, especially if leaving
sediments in place is a remedial option. The previous dredging of bay mud to expose the Merritt
Sand strata, the more recent (40 years) accumulationof sediments on the Merritt Sand is the semi-
enclosed lagoon, and the potential upward gradient from Merritt Sand into the lagoon, are
sufficient reason to warrant evaluation of the site-specific behavior of PCBs, PAHs, and metals.
Similarly, the current use of the wetlands area as a wildlife habitat is reasonable sufficient concern
for the long term behavior of chemicals in this area. BERC believes that the further investigation
of the extent of chemicals present in the wetlands is disruptive of the wildlife and expensive, and
unnecessary if the advanced and site-specific informationobtained in the BERC studies and PRC's
assessment is used in the decision making process to determine that chemical concentrations are
acceptable, and that intrinsic processeswill continue to mitigate chemical exposures at the site.

(lst paragraph, page 3) "Proposed Studies Should be Questioned ..."
Please see GeneralResponses A, B, C andD. The proposedstudiesusing innovative methods
have the potentialforprovidingimportantinformationthatwill addconfidenceto understanding
conditionsat the sites, and which will then provideabetterbasis for decisionmaking- especially
with regardto remedialapproachesthat will leavesome or all of the sedimentsinplace. All of the
methods proposedarebasedon scientificprincipleswith some literatureprecedence. It is
recognizedthat site conditions(matrix,differingconcentrations)may limit the successof the
appliedmethods, and the expertiseof the investigatorswill be critical forevaluatingthe accuracy
andrepresentativenessof the data. The investigators,throughthe PrincipalInvestigatoratUCB
who will be preparingthe FinalReport, will alsobe availablefor consultationin the applicationof
the datato any Navy-specificdatauses.

Specific Comments.
"Section 1.3 Intrinsic Sediment Processes Study Decision Process."
BERC agrees that PCBs are not a class of petroleum hydrocarbons, and a comma should have
followed the ("PAHs") so this entry would have read correctly. The relative importance of
biogenic and petroleum-source hydrocarbons in controlling the mobility and transformation of
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chemicals in sediments is dependent on their relative concentrations,and the presence of petroleum
hydrocarbons is particularly of interest when outfalls are believed to havebeen the source of
chemical discharges to the lagoon.

Section 3.3 "Physical Characterization of Sediment .... information appears to
have been generated ... redundant work is not performed."
The properties of the sediments collected for the use of innovativemethods will be measured, and
not be redundant, because these properties are useful for characterizingthe sediment samples being
studied, and for possible extrapolation of the innovativedata results to other sediments when the
properties are comparable.

"Section 3.4 ...3.8 Various pore water and sediment processes studies .... level
of detail not needed."
As stated in Gneal Response D, the level of detail for these studies is important for understanding
the site-specificcor,ditions. While the literatureis useful for supporting the site-specific
conclusions regarding the intrinsic processes at NAS Alameda, it is the site-specificinformation
that is required for Navy, the regulatory agencies, and the public to haveconfidence in the remedial
strategies selected,especially if the strategy includesleaving some sediment in place.

"Section 4.0 Sampling Approach .... sampling approach ... not ... well
developed."
As discussed in General Response C,, the sampling approach is limited to the areas of the highest
chemical concentrations. Depending on the results of the studies and conditions in the lagoon and
wetlands, the results of some studies may be usefully extrapolated to other locations. It is also
recognized that additional sampling and methods use may be necessary depending on the results,
the use of the information,and the acceptability of the uncertainty in the extrapolations. However,
there is no basis for extending the sampling or expanded use of the methods at this time.

"Section 5.0 Method and Analyses" V
The commentsof Dr. Neff are addressedin the following section.

Section 6.0 Integration
The datato be measuredand the potentialuses of the dataaresummarizedin a table to be addedto
Section 5. Section 6 discusses how the dataare complementaryand can be used to addressthe
issues of chemicalconcentrationsin migrationpathways,the occurrenceof intrinsicprocesses,and
some possible aspects.
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Responses to comments of Jerry Neff, of Battelle Ocean Sciences

Paragraph 1: "..... how much of the information can be used effectively for risk
assessment and for making decisions about site remediation and cleanup."
BERC believes that all of the informationcollected in the proposed studies can potentially be useful
in the context of the decision process. However, the effectiveness of the use will depend on the
accuracy and precision of the data, which is somewhat dependent on the matrix and associated
interference, and the significance of the decision. For example, a strategyto remove the uppermost
sediment layer would be significantly supportedby a well defined deposition pattern (Pb-210), and
conclusions that the sediment layer possessesunacceptable toxicity (toxicity tests, TIE,
geocherrdcalconstituents.) However, multiplelines of evidence - no taatter their strength - all must
support the decision process.

Page 5-1. "Do you anticipate having to dredge...what is the reason for core
sample_ from a depth of 2 m?"
Dredgingis one optionthat wouldbe consideredas partof the FeasibilityStudy. It is therefore
important to understand the depth of any contamination. It is probable that the chemicals present in
the deeper sediment are not mobile, and some studies are intended to assess this condition for site
specific conditions.

Section 5.1.1 Acoustic Imaging. "The purpose of this study is
unclear...contaminants is subtidal marine sediments are unlikely to migrate ...."
Acoustic imaging will provide informationon the depth of recent sedimentsthat would be
considered for dredging in one remedial option, and the information has been useful in planning of
the depths of PRC's and BERC's samplingefforts. Additionally, acoustic imaging has revealed
that a young bay mud strata is not present in the lagoon, and was apparently removed during an
earlier effort to dredge the lagoon.

Sect. 5.2.1: "Microelectrode Measurement in Sediment Core Pore Waters.
...unproven method .... if validation experiments are performed ... method used
on trial basis."
The use of the microelectrode is a scientifically sound procedure, and is one approach to assessing
the site specific redox conditions of the sediments. Given the alleged activities that discharged
chemicals into the lagoon,site specific data ratherthan literature precedent is preferable for
remedial decisions at NAS Alameda. The microelectrodemeasurementswill be compared with
complementary data from extractedporewateranalysesas well as from geochemical modeling
efforts.

Sect. 5.2.2 Pore water constituent measurements. "Can pore water samples be
collected, squeezed, and analyzed .... ?"
As discussedabove, site specific decisionsrequiresome site-specificdata,and these data axe
neededto identifyredox zones andthat can't be predicted from datacollected at other sites.
Porewater collected from the squeezer will be tested for its any disturbance of the redox profile by
comparison of constituents, the microelectrodemeasurements,and validated by geochemical
modeling.

Sect. 5.2.3: Sediment Bulk Mineralogy and Chemical Analysis.
The analyses are needed for a more completepictureof sedimentmineralogyand geochemistry.
Given that lead is present at a concentrationof 3 g/kg and there is an apparent layering of chemical
concentration at the sampling locations,this sediment not be like other more natural locations.
These data are also important for morecompletely describing sample quality in the possible
application of the method or comparisonof geochemicaldata with information from other sites
where the Navy is evaluating remediation alternatives.
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Sect. 5.2.4 Sediment Metal Speciation Analysis
Arsenicandmercurywillbe analyzedby ICP-MS.Modelingeffortsareimportantfor integrating
analyticaldataandsiteconditionsfor understandingcurrentconditionsassociatedwithtoxicityand
the bioavailabilityof chemicals,andestimationof conditionsshouldthesedimentbe disturbed.

Section 5.3.2 Sediment/Water Interface Corer (SWIC) Test. "... best way to
evaluate the toxicity of these deeply buried sediments? ..."
BERC believes the SWIC test is an appropriateway to test the toxicity of these sediments which
may be exposed to aerated water (oxygen) should the upper layersof sediment be dredged as part
of a remedial action. It is preferable to pore water toxicity testingbecause the pore water will
undergo oxidation processes during the conduct of the test and not reflect oxidation processes
associated with sediment (such as metal releases).

Section 5.3.3 Section 5.3.3 Pore Water Toxicity Identification.
The salinity of the water sampleswill be evaluated as partof the toxicity testing and TIE.

Section 5.3.4 Acid Volatile Sulfide and Simultaneously Extracted Metals.
This limitation of theAVS/SEM test is correct and noted.

Section 5.4.1 Bivalve Bioaccumulation.
The test will not include analyses for metals becauseof cost limitations.

Sect. 5.4.2 Digestive Fluid Extraction
Chemicals solubilizedby digestivejuices from sedimentsrepresent the maximum amount of
chemical that is bioavailable. The purpose of this side by side comparison with clam uptake test is
to further evaluate if this test is faster, cheaper, and as accurate as the bivalve bioaccumulation test.

Sect. 5.4.3: Sediment/Water Partitioning Evaluation
Commentnotedand we arein agreementwith the pointsmade.

Sect. 5.5.3: Measurement of Seepage Fluxes in Seaplane Lagoon
The purposeof this study is to assess fluidflow throughSeaplaneLagoonsedimentsand
determine if flow is significantincausingcontaminantexchange with the watercolumn. This
informationis also importantfor evaluatingthe cappingalternative.

Sect. 5.6.4 and 5.6.5: Intrinsic Transformation of PAil's in Anaerobic Lagoon
and Wetland Sediments, and Constraints on Microbial Transformations of PAil's
and PCB's in Lagoon Sediments.
Laboratory experiments are needed to bracketthe rates of biotransformationsand understand
constraints so that comparison is possible between in situ rates and laboratory studies. While the
literature data are valuable for a general understandingof chemical behavior in sediments, the
proposed studies are important for addressing the site specific question of how long the PAHs or
PCBs may persist if the sediments are undisturbed, and what conditions promote the
transformations.

Sect. 5.6.6: Transformation of PCB's and PAH's in Vadose Zone Soil Plots.
There is confusion as to the site; the soil is upland of the wetland and a vadosezone does exist.
No risk assessment has been conducted regarding the chemicals present, but the issue of whether
intrinsic processes areoccurring to further mitigateany risk is still usefully addressedat this time.
Homogenizing the soils as partof the experimentaldesign does compromisethe true in-situ quality
of the soils, but is necessary to avoid an extensive sampling effort and statisticalanalysis to
address the potential heterogeneity of chemical concentrations.
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Summary
The comment suggests that models are available for chemical release and transformations in marine

_' sediments. BERC's approach is to examine those conventional assumptions using advanced tools
for chemical, physical, and toxicologicalcharacterization. BERC realizes that all tools may not be
needed for the characterizationand remediation assessment at future sites, and the application of the
data to NAS Alameda conditions will show which approaches and methods are the most useful and
persuasive. The proposed studies do provide a state of the art evaluation of specific NAS Alameda
conditions. This high level of definition is particularly importantwhen "no action" or minimal
active remediation alternatives are being considered.
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Responses to comments of Jim Leather of the Navy's Environmental

Sciences Division, San Diego, CA ,_t
Pg. 1-2) "The workplan is proposed to address intrinsic processes..."
The possibility of doing the measurementsin field,as opposedto sedimentcores in the laboratory,
will be considered. It is obviouslymoreconvenientto conductthe measurementsin the laboratory,
andthe measurementswill be madeas soon as the sedimentcoreis received(approximatelyone
hour).

Page 2-7 to 2-13) "Additional review of the previous data might help..."
The commentson the complexityof the sedimentchemistryand toxicity,andparticularlythe grain
size effects, are appreciated.The samplinglocationsformostBERC studieshave been specifically
selectedatthe outfallswherethe highestchemicalconcentrationshavebeendetectedin the past
PRCstudies. The studiesof toxicityandassociatedTIE, as well as the porewaterand sediment
chemistry,will be useful in developingsomerudimentaryunderstandingof these effects, and
which may then be the basis for additionalstudiesif the informationis criticalto the selected
remedialoptions.

Page 3-9 Bioirrigation "Bioirrigation may enhance the movement of pore water
contaminants back into the lagoon ....... "
Microelectrodemeasurementsandanalysesof squeezedporewaterwill providedataforredox
profiles in the upper ten centimeters. If these profilesare not explainableby simple fickian
diffusion, then we look into bioirrigation and tidally induced fluxes.

Pg. 4-2) "As mentioned above, PRC is collecting a large number of cores ... a
much better idea of contaminant levels."
It is uncertain whether the PRC data will be available before the BERC sampling begins. As stated
above, the BERC sampling locations havebeen selected at the outfall discharge points, and where
the highest level of chemicals have been detected in past PRC studies.

Pg. 5-11) The TIE procedures will be conducted on pore water ...in-situ
chemistries .... "
Pore water for toxicity testing and TIE will be extracted by centrifugation of near surface
sediments, whereas the complete pore water composition will be collected from the squeezer
apparatus with an expected depthdiscretion of 3-5 cm; the microelectrodemeasurements should
give a depth discretion of a few millimeters. The depth of the sediment core from which the pore
water is extracted/analyzed and the analyses that are performedare a functionof the amount of
water required to perform the available analysismethod.

Pg. 5-19) "Will bioavailability evaluation include metals?"
Metal analyses arenot planned because of funding limitations.

V
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Response to Comments Contained in Memorandum of 22 October
1996 to Ken Spielman from Code 09KRE

General Comment
For the SHSP to be user friendly it is recommended that rather than referencing
the applicable Section ... BERC Program Health and Safety Plan ...
This SHSP has been developedto be concise yet reasonablycomplete to addressactual site
conditions for field use. For completeness the first time reader is referred to the program
document, and which will be present onsite along with the SHSP.

Specific Comments
1. Section 7 of Sampling and Analysis Plan SOPs .... each SOP should address
required PPE, and sample collecting procedures with a cross reference to the
pertinent SHSP section ......
BERC believes the issue of PPE is sufficientlycovered in the SHSP, and selection of the PPE is a
function of the actual site specific monitoring results and siteconditions. PPE is not necessarily
part of an SOP unless some specific exposure is inherent in the performance of the SOP.

2. Site Specific Health and Safety Plan. Recommend adding a reference to the
appointment of an alternate SHSO in the instances that Mr. Chiu's is absent from
site.
The text has been revised to address this comments. BERC notes that Mr. Arvind Acharya is now
the Project Manager for the proposed work, and will also serve as the SHSO. If he cannot be on
site, Mr. Acharya shall designate an alternate SHSOwho shallbe approved beforehand by Dr.
Hunt, the Principal Investigator. According the directions of the ROICC, the alternate SHSO will
also be identified to the ROICC.

3. Section 2. Recommend adding a Field Personnel section that provides the
anticipated number of field personnel and expected hours of work.
The initial field work willbe of approximatelythree weeks duration,and will require the presence
of the Project Manager in several roles (please see SHSP) and to oversee sampler subcontractors.
The staffing for the field work is not expected to be complex, and the ROICC will be informed as
to the persons to be in the field during any activity.

4. Section 3.2. For each identifiable work task by Site, complete Figure 1,
Hazard Analysis Form found in Section 3.2 of the BERC Program HSP, and
provide as an attachment to the SHSP.
This form has been included as Attachment 3-2 in the revised SHSP.

5. Section 3.2.2. Recommend the inclusion of drilling (soil boring) activities.
The drillingactivitiesare actuallysoil coring to a maximumdepthof one meterin the landf'dl
wetlands and sedimentcoringfroma bargein the lagoon. These activitiesaxestraightforwardand
arenotexpectedto pose exceptionalorunusualhealthand safety challenges,especially becausethe
concentrationsof chemicals in soils and sedimentshave been foundto be low in previous
investigations.

6. Section 3.2.2.3. Recommend changing the section title to Heat and Cold
Stress as section discusses both.
The text has been revised to read "Heat and Cold Stress".
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7. Section 4. Recommend rephrasing Sentence 1 to reflect the need for 40 hours
for some field personnel.
The bulk of the studies will involve the handling of wet sediments,soil coring to depths of less
than one meter, and soil gas and ground water sampling using push-type samplers. High
concentrations of chemicals have not been measured in the sediments and soils (please see Table 3-
1of the SHSP). The 24 hour training is then believed to be sufficient for the proposed effort,
although some of the field personnel do have the 40-hour course. Additionally, the reference to the
use of a PEL is appropriate for a correct exposure time scenario.

8. Section 6 Para. 1, Sentence 4. Recommend adding that the visitors to EZ
must meet the same medical and trairing requirements as project field personnel.
The text has been amended to state the following. "Authorization shallbe granted only if visitors
meet the same medical and training requirementsas project field personnel. Either the ATG PM or
SHSO will also log all employees and visitors whoenter the EZ."

9. Section 7, Attachment 7-4. Recommend that required PPE be broken down by
work operation rather than by zone. Respiratory protection is not addressed.
The following text has been added to Section 7. "As described in Section 3.2, site work is not
anticipated to more than EPA level D PPE. However, as discussed in Section 9, air monitoring
will be used to confirm that respiratory protection is not necessary. Respiratory protection shall be
selectedbased on air monitoring results and shall be reviewed and approved by Mr. Michael
Connor, CIH."

10. Section 9.1. Initial air monitoring to determine personnel exposures and the
required EPA PPE level is not addressed. Downgrading of respiratory protection
is addressed in this section but not in the SHSP, Section 7.
Section 7 has been modified to address the topic of air monitoring.

11. Section 10. Location of emergency supplies and equipment is not identified.
The availability of drinking water and toilet facilities is not addressed.
The text has been modified to indicatethat a first aid kit will be kept onsite. Additionally,Section
12.0, Sanitation, has been added. An adequate supply of potable drinking water shall be available
at work sites outside designated exclusion zones..

The location of the nearest toilets shallbe identified at the beginning of each days field activities.
Ample time shall be allowed to access these facilitiesas needed.

12. Section 10.5. Add that a copy of the completed Accident/Incident form will
be provided to Navy Contact (ROICC) within the prescribed timetable.
The text has been revised to state that a copy of the completedAccident/Injuryform shall be
submitted to the Resident Officer in Charge of Construction within the prescribed timetable.

13. Appendix B, Acoustic Imaging Safety Plan dated 28 June 1996, Section 4.1,
Para. 2, Sentence 4, Page 6. Recommend removal of sentence as not being
applicable or correct reference. 19 CFR 1926.106 addresses Working Over or
Near Water and not Live Electrical Work.
The acoustic imaging task has been completedwithout incident,but this correction in the reference
is noted.
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Response to Comments Contained in Memorandum October 7, 1996 to
Ken Spielman from Gilbert Nickelson.

General Comments
No responses arenecessary

Specific Comments
a. Page 4, Section 3.2. Hazard Analysis. Recommended to change sentence
number 3, paragraph number 5, "...contaminants are sorbed to..." to read
...contaminants are absorbed in the soil..., or use absorption.
The term sorption is appropriately used in the environmental science community when the
mechanism of adsorption or absorption is unclear. The hazard analysis form from the program
plan has been completed and included as Attachment3-2.

b. Page 6, Section 3.2.2.3 .... standard safety procedures for heat stress-related
hazards is contained in Section 12.15 ....All site personnel should he familiar
with the symptoms of heat or cold...
The text has been amended to include more informationon cold stress.

c. Page 6, Section 4. Work in the exclusion zones of the
project ..... Assumptions concerning worker exposure above the PEL/TLV should
not be made ....
The point regarding the 40-hour work week and the use of PEL is correct, and selection of
respiratory protection will be based on the correct interpretation of the PEL. BERC believes that
the 24-hour training is sufficient for the planned work becauseof the infrequent presence of most
workers at the sites and because of the relatively low chemical concentrations of soil and sediment.
The text has been changed to inlcude the 40 hr training requirementand when the 24 hr training is
appropriate.

d. Page 4, Sub-Section 3.2.1 "Chemical Hazards" "Exposure Monitoring" a)
Information is not provided indicating the location or the frequency of air-
monitoring that will be performed at this site. b) Information pertaining to
calibration and maintenance of direct reading air-monitoring equipment is not
provided, c) A method to inform employees of monitoring results is not
provided.
The statedairmonitoringprogramis believed to be appropriatebecauseVOCs have notbeen
identifiedat the sites, andbecause the SVOCsandmetals areat low concentrationsand associated
with generallywet sedimentsor soils fromthe wetlandsareas. Airmonitoringwill be continuous
andin the immediatearea of the workactivity. As necessary,the SHSOwill notifyproject
personnelof any airmonitoringresultsthat areabovethe ambient backgroundlevels.

e. Page 7, Section 6, addresses "Site Control Measures" ...Control methods and
training requirements in accordance with references...
Site controls areaddressedin the programdocument,and the textin Section 6 has been modifiedto
be moreexplicit regardinglogging of persons atthe sites.

f. Page 9, Section 8, addresses "Decontamination" In sub-section 8.1 there is no
mention of a shower for workers as a part of good personal hygiene.
Decontamination proceduresshallbe discussedduringsite specific training and reviewedduring
tailgate safety meetings. However, appropriate PPE should sufficiently protect workersduring
sampling of sediment and soils, and onsite showering facilities are not necessary.
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g. Page 11, Section 10, "Emergency Response" a) Information regarding who is
to provide emergency first aid/CPR support on-site is not provided.
b) Information concerning emergency decontamination is not provided.
c) Information regarding the availability of emergency response equipment, i.e.,
emergency eyewash equipment, first aid kits, or supplemental personal protective
equipment (PPE) is not provided, d) "All personnel not trained in spill control
cleanup shall evacuate the area." The additional training requirements for the
_piil responders in not provided.
a) The text has been revised to state that only 40-hour trained personnel may be used to respond to
emergencies. The Base Fire Departmentshall be called for large fires or for responses to spills or
releases in excess of 50 pounds or 50 gallons; BERC notes that no large volumes of liquid or
solids are part of field activities other than site soils or water from from the lagoon or wetland
ponds.
b) As stated in Section 8.3, emergency decontaminationprocedures shall consist of the removal of
contaminatetaclotlfingbefore either treatment or transportationof the victim(s). Procedures are
also discussed in the Program plan.
c) There will be two first aid/CPR trained person on site during field activities. These persons
shall also be trained on bloodbome pathogens as required by Section of the BERC Health and
Safety Plan (Program). These individuals shall be identified during routine tailgate safety
meetings. A first aid kit shall be kept available on site.
d) Base personnel will be called to handle any spill events; however, the nature of the
investigations to be conducted do not use any large volumes of liquidsexcept pond or lagoon
water,

Berkeley Environmental Restoration Center Intrinsic Sediment Processes Study
Response to Comments - Appendix D, Draft Final 24 February 1997


	Main Table of Contents
	Page i, Section 1.0 through Section 5.2.1
	Page ii, Section 5.2.2 through Section 9.0
	Page iii, Section 9.1 through Section 9.2 and Appendices
	Page iv, Tables
	Page v, Figures

	Appendix B Table of Contents
	Page i, Section 1.0 through Section 6.0, Tables, Figures and Attachment

	Appendix C Table of Contents
	Page i, Section 1. through Section 10.3
	Page ii, Section 10.4 through Section 12., Tables, Figures, Attachments and Appendices


